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SPECIFICATIONS 
PHYSIOLOGICAL MONITORING SYSTEM 
1.0 Scope 
1.1 Descript ion 
This s p e c i f i c a t i o n  e s t a b l i s h e s  the  performance, design,  
i n t e r f a c e ,  and test requirements f o r  t h e  Physiological  Monitoring 
System (PMS). The PMS is a compact, microprocessor-based system, 
which can be worn i n  a pack on the  body o r  may be mounted on a 
Spacelab rack o r  o the r  appropr ia te  s t r u c t u r e .  It c o n s i s t s  of  two 
modules, the  Data Control Unit (DCU), and the  Remote Control/Display 
Unit (RCDU). Its purpose is t o  c o l l e c t  and d i s t r i b u t e  da ta  from 
physiological  experiments i n  the  Spacelab and i n  t h e  Orbiter .  
1.2 C lass i f i ca t io r -  I 
This s p e c i f i c a t i o n  is unc lass i f i ed .  
2.0 Applicable Documents 
LS-30035-E, Feb. 1985, End Item Spec i f i ca t ion  f o r  Life Sciences 
Fl ight  Experiment Program Physiological  Monitoring System 
PMSF-20-0000-QP, Q u a l i t y  and R e l i a b i l i t y  Plan f o r  the  
Physiological  Monitoring Sys tern ( PMS) 
PMSF-20-0000-TP, C e r t i f i c a t i o n  and Acceptance Test Plan f o r  thz  
Physiological  Monitoring System 
PMSF-20-0000-AP, Final  Acceptance Test Procedure f o r  t h e  
Physiological  Monitoring System 
PMSF-20-0000-CP, C e r t i f i c a t i o n  Procedure f o r  the  Physiological  
Monitoring System 
PMSF-xx-xxxx-xx, f l i g h t  drawings, Physiological  Monitoring System 
NASA Spacelab 4 In te r face  Control Drawings 
SLD46101670 - PMS ECG Harness t o  Basic Parameters Module In te r face  
SLD46101671 - PMS t o  I n t e r f a c e  Switching Panel (Dig i t a l  and Analog 
Input)  ' 
SLD46101672 - Power In te r face  Document - PMS t o  Rack Power 
SLD46101674 - Spacelab 4 PMS DCM t o  LSLE CDTR Model 3 Dig i t a l  and 
Analog Data 
' SLD46101676 - Spacelab 4 Analog Data Input t o  PMS 
SLD46102318 - PMS t o  Minioscilloscope Analog Data (ECG) 
MIL-STD-490, 30 Oct. 1968, Mi l i t a ry  Standard, Speci f ica t ion  Pract ices  
SR I International 
Menlo Park, California 94025 
3.0 Requirements 
3.1 Item Def in i t ion  
The PMS i s  designed t o  support  physiological  experiments i n  
t h e  NASA Space Shu t t l e  program. It can support  s e v e r a l  d i f f e r e n t  
experiments wi th in  one configurat ion.  Minimal reprogramming al lows 
it t o  change conf igura t ion  t o  support  o t h e r  experiments o r  changes i n  
experiments. 
The PMS system includes  t h e  Data Control Unit (DCU) ,  which 
performs da ta  a c q u i s i t i o n ,  d i s t r i b u t i o n ,  and con t ro l  funct ions ,  and 
t h e  Remote Control/Display Unit (RCDU), which provides user  i n t e r f a c e  
through pushbuttons and an LCD display .  The DCU may be mounted on a 
su r face  with a bracket  o r  it may be worn i n  ambulatory fashion. The 
RCDU is smal l  enough t o  be worn on t h e  wrist, o r  it can be at tached 
with Velcro t o  any convenient surface .  An umbil ical  cable  jo ins  the  
two un i t s .  Figure 3.1-1 is a p i c t u r e  of the  PMS. 
Figure 3.1-1 The Physiological  Monitoring System 
SR I International 
Menlo Park, California 94025 
Three primary func t ions  of t h e  PMS a r e  t o  au toma t i ca l ly  
measure blood p re s su re ,  ECG, and h e a r t  r a t e .  The PMS g a t h e r s  fou r  
b a s i c  ana log  channels  of ECG, Korotkov sound, f i l t e r e d  Korotkov sound, 
and cuff  p re s su re  da ta .  A microprocessor  au toma t i ca l ly  c o n t r o l s  a 
blood p re s su re  c u f f  and uses  t h e  d a t a  i n  c a l c u l a t i n g  h e a r t  r a t e  and i n  
performing s o p h i s t i c a t e d  a lgor i thms t o  determine blood p re s su re  i n  an 
ambulatory, h i g h - a r t i f a c t  environment. 
Another microprocessor  manages t h e  d i s t r i b u t i o n  o f  t h e  PMS 
d a t a  channels .  The PMS can accommodate up t o  e i g h t  ana log  inpu t  
channels ,  i nc lud ing  t h e  f o u r  b a s i c  channels .  An Experiment-Unique 
Ins t rumenta t ion  (EUI) i n t e r f a c e  a c c e p t s  up t o  fou r  a d d i t i o n a l  ana log  
channels ;  it a l s o  inc ludes  a s e r i a l  p o r t  which can r ece ive  and 
t r a n s m i t  d i g i t a l  da t a  from and t o  t h e  EUI. 
Addi t iona l  ou tpu t  choices  i nc lude  d a t a  d isp layed  on t h e  RCDU; 
ana log  channels  and processed o r  i n p u t  d i g i t a l  da t a  s e n t  t o  t h e  LSLE 
Casse t t e  Data Tape Recorder (CDTR); and t h e  same choices  of d a t a  s e n t  
t o  an  i n t e r f a c e  panel ,  wi th  t h e  d i g i t a l  d a t a  i n  RS-232C format.  Data 
processed d i g i t a l l y  and converted t o  ana log  form a l s o  may be s e n t  t o  
t h e  i n t e r f a c e  panel .  
A z i n c - a i r  b a t t e r y  pack f i t s  i n s i d e  t h e  DCU. It can power t h e  
PMS and a l s o  provide l i m i t e d  power t o  t h e  EUI. With t h e  CDTR, t h e  PMS 
can suppor t  and record t o t a l l y  se l f -conta ined  ambulatory experiments.  
A l t e r n a t i v e l y ,  i t  can send da t a  and o b t a i n  power through an umbi l i ca l  
cab le  which may be a t t a c h e d  t o  an  i n t e r f a c e  panel.  
3.1.1 Item Diagrams 
Figure 3.1.1-1 is  a block diagram o f  t h e  PMS. 
3.1.2 I n t e r f a c e  Def in i t i on  
3.1.2.1 E l e c t r i c a l  and Power I n t e r f a c e s  
3.1.2.1.1 Connector Pin Assignments 
For Spacelab 4, t h e  connector  p in  assignments a r e  descr ibed  i n  
t h e  NASA Spacelab 4 I n t e r f a c e  Control  Documents. Howewever, t h e  PMS 
d a t a  i n p u t s  and ou tpu t s  a r e  more g e n e r a l  and f l e x i b l e  than  t h e  I C D f s  
show. Table 3.1.2-1 lists a l l  t h e  e x t e r n a l  PMS connectors  and t h e i r  
p in  assignments.  A l l  c o n t a c t  s i z e s  a r e  22D, except  f o r  t h e  Rack Power 
connector  ( J l ) ,  which has  s i z e  16 c o n t a c t s .  C i r c u i t  c l a s s  is pe r  
MSFC-SPEC-521, Table 2. 
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f 3.1.2.1.2 Jumper Conf igura t ions  1 
There are t e n  jumpers on t h e  Analog Board (PMSF-DC-ANOO) f o r  
con f igu r ing  t h e  e i g h t  ana log  i n p u t  o f f s e t  b u f f e r s  t h a t  d r i v e  t h e  PMS 
c o n t r o l  p roces so r ,  t h e  r ack  i n t e r f a c e  b u f f e r s ,  and t h e  CDTR i n t e r f a c e  
bu f f e r s .  Each jumper l o c a t i o n  has  t h r e e  s o l d e r  t e r m i n a l s  i n  a row. 
The c e n t e r  t e r m i n a l s  are l a b e l l e d  on t h e  PMSF-DC-ANOO-SC, s h e e t  1 
drawing and on the board,  wi th  "CHn followed by t h e  r e s p e c t i v e  channel 
number f o r  t h e  e i g h t  jumper groups,  and " I N n  and t h e  channel number 
f o r  t h e  two jumper groups,  descr ibed  below. The jumpers a r e  made 
us ing  bare wi re  and i n s t a l l e d  by s o l d e r i n g  from t h e  c e n t e r  t e rmina l  t o  
one o f  t h e  two a d j a c e n t  t e rmina ls .  
Eight  jumpers, one f o r  each channel ,  s e l e c t  t h e  ground r e t u r n  
r e f e r e n c e  f o r  t h e  i n p u t  bu f f e r s ,  e i t h e r  t h e  i n t e r n a l  system ground, 
u s ing  t e r m i n a l s  l a b e l l e d  G on t h e  drawing and on t h e  board, o r  t h e  
e x t e r n a l  ground r e t u r n  from t h e  EUI, EG on t h e  drawing and blank on 
t h e  board. channel  which is genera ted  i n t e r n a l  t o  t h e  PMS should 
have i t s  ground r e t u r n  jumpered t o  G ,  and any channel  generated f l v m  
the EUI should have its ground r e t u r n  jumpered t o  EG. 
Two jumpers a r e  provided t o  s e l e c t  t h e  i n p u t s  t o  channels  7 
and 8, e i t h e r  from t h e  EUI, u s ing  t e r m i n a l s  l a b e l l e d  I N  E, o r  from t h e  
PMS b a s i c  parameters  (BP) s e c t i o n ,  l a b e l l e d  I N  B. S e l e c t i n g  t h e  BP 
Conf igura t ion  causes  two channels  genera ted  i n t e r n a l  t o  t h e  PMS t o  be 
s e l e c t e d  a s  channels  7 and 8. Channel 7 is t h e  f i l t e r e d  Korotkov 
~ o ~ n d s ,  and channel  8 is t h e  r e f e r ence  c u f f  p r e s su re .  S e l e c t i n g  t h e  
E U I  c o n f i g u r a t i o n  a l l ows  channels  7 and 8 t o  be i n p u t  from t h e  EUI. 
On t h e  PMS mothertoard,  t h e  f i r s t  t h r e e  channsl  in;?uts f?om 
t h e  EUI a r e  wired i n  p a r a l l e l  wi th  t h r e e  i n p u t s  from t h e  BP s e c t i o n  
(cuff  p r e s s u r e ,  ECG, and Korotkov sounds, r e s p e c t i v e l y ) ,  and on t h e  
Analog board t h e  EUI channel  4 i n p u t  is wired i n  p a r a l l e l  wi th  a 
fou r th  i n p u t  ( f i l t e r e d  Korotkov sounds)  from t h e  BP s e c t i o n .  The f o u r  
BP s i g n a l s  a r e  t h e r e f o r e  a v a i l a b l e  t o  t h e  EUI; however, t h e  EUI must 
n o t  d r i v e  t h e  first t h r e e  channels  as long  a s  t h e  BP boards are used,  
o r  channel 4 a s  long  as t h e  wire on t h e  Analog Board is i n  p lace .  
This l e a v e s  f o u r  channels  which may be used a s  i n p u t  from t h e  EUI: 
channels  5 and 6,  and channels  7 and 8 i f  jumpered f o r  EUI inpu t .  
3.1.2.1.3 Ex te rna l  Power Input  
The PMS can o b t a i n  power from an  unregula ted  28 vdc supply. 
It r e q u i r e s  up t o  5 w a t t s  cont inuous  power, when t h e  blood p re s su re  
pneumatics a r e  n o t  func t ion ing  . During blood p re s su re  d a t a  
c o l l e c t i o n ,  up t o  16 w a t t s  may be r equ i r ed  by t h e  pump and va lves .  A s  
it starts i n f l a t i n g  t h e  c u f f ,  t h e  pump a l s o  r e q u i r e s  a t r a n s i e n t  s p i k e  
of power o f  up t o  50 watts f o r  up t o  50 msec. 
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3.1.2.1.4 B a t t e r y  Power 
me DCU Ba t t e ry  Pack c o n s i s t s  o f  20 s t a c k s  o f  Could ~ ~ 6 3 0  
z i n c - a i r  b a t t e r y  cells.  Eleven s t a c k s  a r e  p a r a l l e l e d  on t h e  p o s i t i v e  
(v+)  s i d e  and n i n e  s t a c k s  are p a r a l l e l e d  on t h e  nega t ive  (8-1 s i d e .  
F.e ce l ls  a r e  s t acked  wi th  7 c e l l s  i n  series. The minimum vo l t age  put 
o ~ t  by any one c e l l  is around 1.1 v;  t h e r e f o r e  t h e  ope ra t i ng  vo l t age  
ob ta ined  from a s t a c k  of 7 c e l l s  i n  series ranges  from around 8.5 v t o  
around 7.7 v ( c u t o f f ) .  Average o p e r a t i n g  c u r r e n t s  should be around 
200 ma f o r  t h e  V+ s i d e  and around 100 ma f o r  t h e  V- s i d e ,  The b a t t e r y  
can supply cons ide rab ly  more c u r r e n t  t han  t h i s  du r ing  s h o r t  b u r s t s ,  
f o r  i n s t a n c e ,  wh i l e  t h e  pump is running. 
The t o t a l  c a p a c i t y  of a b a t t e r y  pack is around 10 ampere hours 
f o r  t h e  V+ s i d e ,  and around 8.5 ampere hours  f o r  t h e  V- s i d e .  This  
t r a n s l a t e s  t o  around 50 hours  o f  o p e r a t i n g  time. (Tes t s  have shown 
t h a t  a f t e r  t h e  s p e c i f i e d  30 hours  of o p e r a t i n g  time, l i t t l e  i f  any 
d e t e r i o r a t i o n  can be measured i n  a b a t t e r y  pack.) 
The b a t t e r y  h a s  t h r e e  ou tputs :  V+, V- and groudd (CUM). d 
f o u r t h  p in  i n  t h e  b a t t e r y  connec tor  is n o t  connected. PMS c i r c u i t r y  
needing more t han  7.7 v ,  such as t h e  pump and t h e  va lves ,  u se s  t h e  
v o l t a g e  d i f f e r e n c e  between V+ and V-. The o t h e r  c i r c u i t r y  u se s  t h e  
d i f f e r e n c e  between V+ or  V- and ground, a s  necessary .  
The PMS h a s  c i r c u i t r y  which s e n s e s  when t h e  v o l t a g e  from t h e  
b a t t e r y  pack becomes t o o  low. When t h i s  occu r s  t h e  message "LOW DC" 
appears i n  t h e  upper l e f t  co rne r  o f  t h e  RCDU. The message remains 
u n t i l  t h a t  a r e a  o f  t h e  d i s p l a y  needs t o  be used f o r  a d i f f e r e n t  
message. If t h e  v o l t a g e  l e v e l  h a s  remained low, t h e  same message w i l l  
r eappear  a t  15 seconds i n t e r v a i s .  It is most l i k e l y  t h a t  the mcssage 
w i l l  f i rst  appear  du r ing  ope ra t i on  o f  t h e  c u f f  i n f l a t i o n  pump, s i n c e  
t h e  PMS needs more power then.  
Zinc-air  b a t t e r i e s  have a very  f l a t  d i s cha rge  curve.  The 
v o l t a g e  ou tpu t  remains c o n s t a n t  u n t i l  very  c l o s e  t o  t h e  end o f  t h e  
b a t t e r y  l i f e .  Therefore  it is  important  t o  change t h e  b a t t e r y  pack 
s h o r t l y  a f t e r  t h e  "LOW DCn message appears .  
3.1.2.1.5 EUI Power Output 
Power is provided by t h e  PMS through t h e  EUI connector  t o  be 
used by e x t e r n a l  s enso r s .  The p l u s  and minus unregula ted  vo l t age  is 
1 output .  These v o l t a g e s  w i l l  va ry  acco rd ing  t o  whether t h e  b a t t e r y  
pack o r  an  e x t e r n a l  power source  is used. If e x t e r n a l  power is  used,  i i t  w i l l  be around p l u s  and minus 14 vdc; unregula ted  vo l t age  from t h e  
b a t t e r y  pack w i l l  vary from p lus  and minus 10 vdc t o  around p l u s  and 
: nilnus 8 vdc. 
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While b a t t e r y  powered, t h e  PMS is a b l e  t o  supply up t o  1/2 
wat t  t o  t h e  EUI and s t i l l  main ta in  its f u n c t i o n a l i t y ,  a s  long a s  blood 
p r e s s u r e  measurements a r e  no t  taken  any more o f t e n  than  once every 10 
minutes.  ( 1 t  should be poss ib l e  t o  t a k e  two measurements i n  c l o s e  
proximity a s  long a s  a t  l e a s t  10 minutes have passed s i n c e  t h e  
previous  measurements.) This r e s t r i c t i o n  is necessary  i n  o rde r  f o r  
t h e  z i n c  a i r  b a t t e r y  c e l l s  t o  r ega in  e f f e c t i v e n e s s  l o s t  because o f  a i r  
s t a r v a t i o n .  
A s  a p r o t e c t i o n  t o  t h e  PMS c i r c u i t r y ,  t h e  EUI power c i r c u i t  
should be fused a t  1/4 amp i f  t h e  PMS power output  i s  used. 
3.1.2.2 Phys ica l  I n t e r f a c e s  
3.1.2.2.1 Connector and Switch Locat ions 
The PMS has  s i x  f u n c t i o n a l  e x t e r n a l  e l e c t r i c a l  connectors  and 
one pneumatics connector .  On t h e  Appendage End P l a t e  a r e  t h e  Subjec t  
Harness Connector (551, t h e  EUI Connector (561, and t h e  pneumatics 
connector  t o  t h e  s u b j e c t  harness  (AIR). A headphone connector  a l s o  is  
loca t ed  on t h e  Appendage End P l a t e ,  bu t  it  is no t  func t iona l .  The 
l o c a t i o n s  of t h e s e  connectors  can be seen on t h e  assembly drawing f o r  
t h e  Appendage End P l a t e  (PMSF-DC- 1 800-AD). 
The Connector End P l a t e  has  t h e  RCDU Connector (521, t h e  CDTR 
Connector (541, t h e  Rack Data Connector ( J 3 ) ,  and t h e  Rack Power 
ConneeLor (31) .  The l o c a t i o n s  o f  t h e s e  connec tors  can be seen on t h e  
assembly drawing f o r  t h e  Connector End P l a t e  (PMSF-DC-1800-AD). The 
PMS has  one swi t ch ,  which is  on t h e  Connector End Pla t e .  It is  used 
f o r  l u rn ing  t h e  5a4,Cery power on and o f f ,  
3.1.2.2.2 Bracket Holes 
Four bracke t  h o l e s  a r e  l oca t ed  on t h e  DCU Card Cover Assembly, 
one i n  each co rne r .  These a r e  provided s o  t h a t  a b racke t  can be used 
t o  a t t a c h  t h e  PMS t o  o t h e r  su r f aces .  See assembly drawing 
PMSF-DC-1200-AD f o r  d e t a i l s .  
3.7.2.2.3 A i r  Holes a 
A i r  h o l e s  a r e  l oca t ed  i n  between t h e  connectors  on t h e  
Connector End P l a t e .  They a r e  covered wi th  sc reen ing  t o  keep 
p a r t i c l e s  o u t  o f  t h e  i n t e r i o r  o f  t h e  DCU whi le  al lowing a i r  t o  e n t e r  
so t h a t  t h e  b a t t e r y  w i l l  g e t  enough oxygen f o r  proper func t ioning .  
It is important  no t  t o  impede t h e  f r e e  flow o f  a i r  by covering t h e s e  
a i r  ho le s .  
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The b a t t e r y  pack assembly is l o c a t e d  i n  t h e  DCU Ba t t e ry  Box 
(PMSF-DC-2006) beneath t h e  DCU B a t t e r y  Cover Assembly (PMSF-DC-1100). 
The b a t t e r y  cover  is  removed by loosen ing  t h e  t h r e e  qua r t e r - t u rn  
f a s t e n e r s  on t h e  o u t s i d e  of t h e  cover  and l i f t i n g  t h e  cover  ( s e e  
assembly drawing PMSF-DC-1100-AD). 
P r i o r  t o  i n s t a l l a t i o n  of t h e  b a t t e r y  pack, t u r n  o f f  t h e  b a t t e r y  
power swi tch  on t h e  connec tor  end p l a t e .  Then p l ace  t h e  b a t t e r y  
assembly i n  t h e  b a t t e r y  we l l ,  w i th  t h e  connector  c a b l e  p ro t rud ing  
through t h e  c u t o u t  n e x t  t o  t h e  w e l l .  &sure  t h a t  t h e  b a t t e r y  pack is 
i n s t a l l e d  i n  t h e  proper  o r i e n t a t i o n .  The connector  c a b l e  should 
emerge from t h e  t o p  of t h e  pouch r i g h t  nex t  t o  t h e  loop on t h e  s i d e  of 
t h e  b a t t e r y  pouch and should be passed through t h e  loop. This loop  
should be a d j a c e n t  t o  t h e  c u t o u t  n e x t  t o  t h e  wel l .  Mate t h e  b a t t e r y  
connec tor  (PI511 t o  t h e  connec tor  v i s i b l e  through t h i s  c u t o u t  ( J151)9  
o r i e n t i n g  t h e  connec tor  s o  t h a t  t h e  c a b l e  end p o i n t s  toward t h e  
I b a t t e r y  pack, a s  shown i n  Figure 3.1.2.2-1. Replace t h e  DCU cover  by 
1 p u t t i n g  it back on and t i g h t e n i n g  t h s  q u a r t e r  t u r n  f a s t e n e r s .  Mote: 
t h e  DCU cover  w i l l  on ly  fit one way. The c e n t e r  f a s t e n e r  is o f f s e t  t o  1 one s i d e .  
I I I 
I I I 
Ba t t e ry  Loop Cable End 
Well Locat ion o f  Connector 
Figure 3.1.2.2-1 B a t t e r y  Or i en t a t i on  
Turn t h e  b a t t e r y  swi t ch  t o  t h e  ON p o s i t i o n  t o  use  t h e  b a t t e r y  
power. Af t e r  t h e  b a t t e r y  i s  i n s t a l l e d ,  t h e  PMS s t i l l  may be run  o f f  
o f  e x t e r n a l  power by t u r n i n g  t h e  swi t ch  t o  t h e  OFF p o s i t i o n  and 
supply ing  power through t h e  Rack Power Connector. An o p e r a t i n g  time 
l o g  should be maintained t o  ensu re  t h a t  t h e  maximum ope ra t i ng  time is 
n o t  exceeded. 
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3.1.2.2.5 Subjec t  Harness Exchangeabi l i ty  (P re s su re  Transducer C a l i b r a t i o n )  
The blood p r e s s u r e  pneumatics and e l e c t r o n i c s  c o n t a i n  two cuf f  
p r e s s u r e  t r ansduce r s .  The "primaryn t r ansduce r  is i n  t h e  s u b j e c t  
ha rnes s .  It is pos i t i oned  c l o s e  t o  t h e  c u f f  i n  o rde r  t o  produce 
r ead ings  t h a t  a r e  a s  a c c u r a t e  and t ime ly  a s  pos s ib l e .  The " re fe rencen  
t r a n s d u c e r  is  s i t u a t e d  i n  t h e  DCU. It is  no t  as h igh  q u a l i t y  a s  t h e  
primary t r ansduce r  and h a s  a slow response ,  s i n c e  it is a t  t h e  
o p p o s i t e  end o f  a long a i r  column from t h e  c u f f .  
It is  p o s s i b l e  t o  c a l i b r a t e  t h e  r e f e r ence  t r ansduce r  e x a c t l y  
du r ing  assembly, s i n c e  it is an i n t e g r a l  p a r t  of t h e  DCU. However, a 
one-time c a l i b r a t i o n  o f  t h e  primary t r ansduce r  i n  any p a r t i c u l a r  
s u b j e c t  harness  is imposs ib le  u n l e s s  t h a t  harness  is t o  be used 
e x c l u s i v e l y  wi th  one p a r t i c u l a r  DCU. In o r d e r  t o  a l l ow  t h e  s u b j e c t  
ha rnes se s  t o  be i n t e r changeab le  between va r ious  DCUs, t h e  primary 
t r a n s d u c e r  should be c a l i b r a t e d  dynamical ly  each time t h e  PMS is 
turned  on. 
The r e f e r ence  t r a n s d u c e r  is c a l i b r a t e d  t o  measure OmmHg a t  Ov, 
and 256 mmHg a t  5v. 
The primary t r ansduce r  is c a l i b r a t e d  a g a i n s t  t h e  r e f e r e n c e  
t r a n s d u c e r  whenever a " c a l i b r a t e n  command is  g iven  t o  t h e  PMS. The 
Cont ro l  Processor  r e c e i v e s  t h e  command and t r a n s m i t s  i t  t o  t h e  Data 
P roces so r ,  which causes  t h e  c u f f  t o  i n f l a t e  t o  a reasonably  h igh  
pressure (normally around 200 mmHg), a l l ows  t h e  r e f e r ence  t r ansduce r  
cs  s t a b i l i z e  by wa i t i ng  about  two seconds,  then t a k e s  s imul taneous  
r ead ings  o f  t h e  primary (CPP - h igh )  and r e f e r e n c e  (CPR-high) 
t r a ~ s d l l c e r s .  
The Data Processor  then  d e f l a t e s  t h e  c u f f  t o  a r e l a t i v e l y  low 
p r e s s u r e  (normally around 50 mmHg), a l l ows  it t o  s t a b i l i z e  f o r  about  
two seconds,  t hen  t a k e s  s imul taneous  r ead ings  o f  t h e  primary (CPP low) 
and r e f e r ence  (CPR low) t r a n s d u c e r s  before  a l lowing  p re s su re  t o  b e  
dumped from t h e  cuTf. Monitoring o f  t h e  p re s su re s  is done s o l e l y  with 
t h e  r e f e r e n c e  t r ansduce r  du r ing  t h e  c a l i b r a t i o n .  
The va lues  acqui red  a t  t h e  high and low p r e s s u r e s  a r e  used t o  
d e f i n e  a s t r a i g h t  l i n e  pas s ing  through t h e  two sets of  c o o r d i n a t e s  
(CPR h i g h ,  CPP h i g h )  and (CPR low, CPP low). The s l o p e  o f  t h e  l i n e  is 
t h e  s c a l e  f a c t &  t o  be a p p l i e z  t o  t h e  primary t r ansduce r  r ead ing ,  and 
t h e  y - in t e r cep t  is t h e  o f f s e t  t o  be a p p l i e d  t o  t h e  r ead ing ,  t o  conver t  
t h e  primary r ead ings  t o  mmHg, e.g., 
CP = m + CPP + 6 
m = (CPR - high  - CPR - low')/(CPP - high - CPP - low) 
b = CPR - h igh  - m * CPP - high .  
I 
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Once t h e  primary t r ansduce r  is c a l i b r a t e d ,  it is used i n  a l l  
c u f f  p re s su re  measurements by t h e  Data Processor.  The expected range 
o f  c u f f  p re s su re s  is from 0 t o  255 mmHg. Because t h e  t ransducer  d a t a  
is  A/D converted i n t o  10 b i t s ,  a l lowing  a range o f  1024 u n i t s ,  one 
mmHg is represented  i n  t h e  computer memory a s  4 mits. The conversion 
i n  t h e  equat ions  above is performed t o  conver t  t h e  primary d a t a  i n t o  
mrnHg/4. 
The Data Processor  t r a n s m i t s  t h e  c a l i b r a t i o n  f a c t o r s  t o  t h e  
Control  Processor ,  which uses  them t o  c a l i b r a t e  t h e  d i g i t a l  c u f f  
p re s su re  d a t a  it o u t p u t s  t o  t h e  DAC. 
The use r  may c a l i b r a t e  t h e  device  r ece iv ing  t h e  DAC ou tpu t  
( i . e . ,  a  s t r i p  c h a r t  r eco rde r )  by no t ing  t h e  re ference  t ransducer  d a t a  
o u t p u t  t o  t h e  d i s p l a y  a t  t h e  end of each c a l i b r a t i o n  p la teau .  This 
d i s p l a y  is descr ibed  i n  s e c t i o n  3.1.2.3.7.2.1. m e  same da t a  is  
a v a i l a b l e  t o  t h e  use r  through a d i g i t a l  i n t e r f a c e  a s  type  10 d a t a ,  
descr ibed  i n  s e c t i o n  3.1.2.3.1. The r e fe rence  t ransducer  d a t a  u n i t s  
a r e  mmHg/4, e.g., a  va lue  o f  796 i i l d i ca t e s  199 mFI .  
The s c a l e  f a c t o r  (m) and o f f s e t  ( b )  a r e  m d e  a v a i l a b l e  t o  t h e  
u s e r  a s  descr ibed i n  t h e  General Data Format S p e c i f i c a t i o n s ,  Sec t ion  
3.1.2.3.1. These should be app l i ed  t o  d i g i t a l  primary c u f f  p re s su re  
t r ansduce r  d a t a  a s  descr ibed  above, t o  conver t  the  d a t a  i n t o  mmHg. 
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1.1.2.3 D i g i t a l  Data I n t e r f a c e s  
3.1.2.3.1 General  Data Format S p e c i f i c a t i o n s  
3.1.2.3.1.1 I n t r o d u c t i o n  
This s e c t i o n  d e s c r i b e s  t h e  d a t a  formats  t o  be used by t h e  PMS. 
Data can be t r a n s m i t t e d  and rece ived  from a v a r i e t y  o f  i n p u t  and 
ou tpu t  dev i ce s  i nc lud ing  an  RS-232C l i n k ,  t h e  Casse t t e  Data Tape 
Recorder (CDTR), A-to-D Converters ,  and a d i g i t a l  s e r i a l  d a t a  p o r t  
from t h e  Experiment Unique Ins t rumenta t ion  ( EUI) . 
The g e n e r a l  des ign  o f  t h e  PMS d a t a  format s p e c i f i c a t i o n  was 
motivated by t h e  fo l lowing  goa l s :  
o Consis tency a c r o s s  i n t e r f a c e s .  The same gene ra l  encoding 
scheme should be used by a l l  d i g i t a l  i n t e r f a c e s .  
o Gase o f  decoding. It should be r e l a t i v e l y  s imple t o  
decode d a t a  i n  a lmost  any programming language, whether 
t h i s  is  performed i n  r e a l  time by t h e  LSLE microcomputer 
o r  o f f l i n e  by a l a r g e  mainframe computer. Thus, bi t -packing 
schemes are avoided i n  f avo r  o f  byte-al igned da t a .  
o R e l i a b i l i t y .  The encoding scheme should provide an 
e x t r a  l a y e r  o f  r e l i a b i l i t y  t o  a s s u r e  t h e  u s e r  t h a t  
t h e  d a t a  is being recovered c o r r e c t l y .  
o Data t ype  independence. The scheme should be u n i v e r s a l  
s c  t L a t  prugrams c -n  be w r i t t e n  t,? decode a s e l e c t e d  
s u b s e t  o f  t h e  d a t a  wi thout  needing knowledge o f  a l l  
t h e  d a t a  formats  being used. 
o E x t e n s i b i l i t y .  The fo rma t t i ng  method should be e x t e n s i b l e  
s o  t h a t  new d a t a  types  o r  e v e n t s  can be added a t  a f u t u r e  
t ime wi thout  d i s t u r b i n g  p rev ious ly  w r i t t e n  sof tware .  
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3.1.2.3.1.2 Data Block Format 
A l l  d a t a  t r ansmis s ions  occur  i n  encoded b locks  wi th  a  s tandard  
format ,  a s  fol lows:  
+------+------+------+------+-------///-------+ 
I Sync / Length I Type I Data0 ... DataN 1 
+------+------+------+------+-------///-------+ 
A l l  f o u r  o f  t h e  above d a t a  f i e l d s  a r e  a l i gned  on byte  boundaries  f o r  
s i m p l i c i t y  o f  decoding. The encoding o f  each f i e l d  is as fol lows:  
o  A Sync by te  (ASCII SYN, hexadecimal 16) precedes t h e  
d a t a  block. This  by te  provides  a s su rance  t h a t  t h e  
decoder is i n  proper  a l ignment  w i th  t h e  d a t a  block. 
o  A two-byte l eng th  f i e l d ,  t r ansmi t t ed  l e a s t  s i g n i f i c a n t  
by te  first. This  f i e l d  c o n t a i n s  t h e  l e n g t h ,  i n  by t e s ,  
of t h e  f o l l o ~ i n g  d a t a ,  i nc lud ing  t h e  t ype  byte .  For 
c o m p a t i b i l i t y  wi th  t h e  LSLE microcomputer, t h e  d a t a  s e c t i o n  
o f  a  b lock  w i l l  never  exceed 4,096 bytes .  
o  A one-byte type  f i e l d ,  con ta in ing  t h e  d a t a  t ype ,  a s  
enumerated i n  s e c t i o n  4. This  number i n d i c a t e s  t h e  
type  (and hence encoding scheme) o f  t h e  d a t a  contained 
i n  t h e  d a t a  block. 
o  The d a t a  by tes .  Zero o r  more b y t e s  o f  d a t a  may fol low 
and w i l l  be encoded i n  an a r b i t r a r y  format  depending on 
t h e  ty-e o f  d a t a  nnclosed i n  t h c  Slock.  
This  scheme e n t a i l s  four  by t e s  o f  overhead,  bu t  p rovides  
s e v e r a l  b e n e f i t s .  Because o f  t h e  by te  a l ignment  o f  t h e  d a t a  block,  i t  
should be r e l a t i v e l y  s imple  t o  w r i t e  a  s i n g l e  program i n  most 
programming languages t o  decode t h e  d a t a  block. It is p o s s i b l e  t o  
s e l e c t  on ly  t hose  d a t a  t ypes  o f  i n t e r e s t  s imply by i n s p e c t i o n  o f  t h e  
t ype  f i e l d ,  wi thout  need t o  know t h e  i n t e r n a l  s t r u c t u r e  o f  any f i e l d .  
Tre number o f  d a t a  t y p e s  is e x t e n s i b l e  up t o  256 d i f f e r e n t  types .  
F i n a l l y ,  t h e  Sync byte  and l eng th  mechanism provide  some a d d i t i o n a l  
s s su rance  t h a t  t h e  d a t a  is being recovered s u c c e s s f u l l y .  
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3*1.2.3.1.3 Enumerated Data Types 
This  s e c t i o n  enumerates t h e  d a t a  t ypes ,  and t h e  i n t e r n a l  
s t r u c t u r e  of t h e  corresponding d a t a  f i e l d ,  f o r  t h e  needs of S L ~ .  In 
t h e  f u t u r e  a d d i t i o n a l  t y p e s  may be s p e c i f i e d  and ass igned  numbers 
wi thout  d i s t u r b i n g  t h e  a l r e a d y  enumerated t ypes  and e x i s t i n g  decoding 
sof tware.  Some o f  t h e  d a t a  t ypes  a c t u a l l y  i n d i c a t e  even t s  t h a t  have 
occur red ,  r a t h e r  t han  ( o r  i n  a d d i t i o n  t o )  conveying da t a .  For c l a r i t y  
t h e  d a t a  t ypes  a r e  i l l u s t r a t e d  wi thout  t h e  preceding  Sync o r  Length 
f i e l d s .  
3,1.2.3.1,3.1 Power On event  
This d a t a  type  h a s  a type  f i e l d  o f  zero  and no subsequent 
d a t a  by tes .  It i n d i c a t e s  t h a t  t h e  PMS has  j u s t  been powered 
on and t h e  system has  been reset. 
3.1.2.3.1.3.2 Experiment I d e n t i f i c a t i o n  
+---+----------///----+-------///----+ 
1 1 1 Experiment Name I Subjec t  Name I 
+---+----------///----+-------///----+ 
This d a t a  type  has  a type  f i e l d  of  one, and two f i e l d s  
i n  t h e  d a t a  s e c t i o n .  The first f i e l d  is 6 by te s  i n  
l e n g t h  and c o n t a i n s  t h e  experiment name; t h e  second f i e l d  
is 10 by te s  i n  l eng th  and c o n t a i n s  t h e  s u b j e c t  name. 
Each f i e l d  is encoded a s  a l e f t - j u s t i f i e d  s t r i n g  of  ASCII 
c h a r a c t e r s  padded wi th  t r a i l i n g  b lanks ;  t h e  most s i g n i f i c a n t  
b i t  o f  each c h a r a c t e r  is reset. This  d a t a  type  i n d i c a t e s  
a change i n  t h e  experiment and/or  s u b j e c t .  It w i l l  be 
t r a n s m i t t e d  t o  t h e  RS-232C l i n k  and t o  t h e  CDTR when t h e  
o p e r a t o r  h a s  keyed i n  a new experiment and/or  s u b j e c t  number. 
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Sub jec t  Parameters 
+---+-------+--------+--------+----------+--------+----..--+ 
1 2 1 T$MAX 1 CP$MAX I CP$MIN I KS$MIN I SLOPE 1 CODE I 
+---+-------+--------+--------+----------+--------+----..--+ 
This  d a t a  type  has  a type  f i e l d  o f  two, and s i x  
f i e l d s  i n  t h e  d a t a  s e c t i o n ,  each one byte  i n  l eng th .  
This  d a t a  type  i n d i c a t e s  a change i n  one o r  more 
o f  t h e  exper imenta l  parameters  governing t h e  blood 
p r e s s u r e  and/or  h e a r t  r a t e  measurement a lgor i thms .  
The parameters  are as fol lows:  
T$MAX - Maximum time f o r  any d e f l a t i o n ,  i n  
seconds. One-byte unsigned i n t e g e r .  
CP$MAX - Maximum cuff  p r e s s u r e  f o r  any d e f l a t i o n ,  
i n  millimeters o f  mercury. One-byte 
unsigned i n t e g e r .  
CP$MIN - Minimum c u f f  p r e s su re  f o r  any d e f l a t i o n ,  
i n  millimeters o f  mercury. One-byte 
unsigned i n t e g e r .  
KS$MIN - Minimum number of  K-sound peaks needed t o  
determine blood p re s su re .  One-byte unsigned 
i n t e g e r .  
SLOPE - Nominal RK s l o p e  f o r  t h e  s u b j e c t ,  i n  
~sec /m~ .Hg .  One-b, te p o s i t i v e  f:'.xed- 
p o i n t  number wi th  4 b i t s  of i n t e g e r  
and 4 b i t s  o f  f r a c t i o n .  
CODE - Choice s e l e c t i o n  code f o r  up t o  8 cho ices -  
E ight  b i t s ,  one f o r  each choice ,  where b7 
is MSB and bO is LSB. Each b i t  d e f a u l t s  t o  0, 
Choice t a b l e  : 
b7 - 1 i f  raw K-sounds i n  DAC ou tpu t ;  
0 i f  f i l t e r e d .  
b6 - 1 i f  f o u r t h  phase d i a s t o l i c  displ-ayed 
wi th  f i f t h  phase;  0  i f  no t .  
b5 - 1 i f  no so f tware  va lve  windowing; 
0 i f  windowing. 
b4 t o  bO - undefined 
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I Sear t  Rate Information 
+---+------------+-------+ 
1 3 1 Heart Rate I Beats I 
+---+------------+-------+ 
This da ta  type has a  type f i e l d  of th ree  and two f i e l d s  i n  t h e  
da ta  sec t ion ,  each one byte i n  length.  The Heart Rate f i e l d  i s  
t h e  in tege r  ( 0  t o  255) number of beats  per  minute a s  measured 
by the  Data Processor. The Beats f i e l d  i n d i c a t e s  the  number sf 
beats  i n  t h e  Heart Rate measurement: a  zero ind ica tes  a  one 
bea t ,  o r  instantaneous,  measurement; a  one ind ica tes  averaging 
over the  l a s t  four beats .  The Heart Rate Information da ta  t y p e  
is t ransmit ted  each time t h i s  information is updated, e i t h e r  
once per  beat  o r  once per  four beats .  
3,1.2.3.1.3.5 Cal ibra t ion  Information 
+---+-----------+-----------+-----"""-+------------+ 
/ 4 I Scale LSB i Scale MSS 1 Offse t  LSB I Offset MSB I 
+---+-----------+-----------+------------+------------+ 
This da ta  type has a  type f i e l d  of  four and two f i e l d s  i n  the 
da ta  s e c t i o n ,  each two bytes  i n  length.  It i n d i c a t e s  t h a t  a  
c a l i b r a t i o n  event has j u s t  taken place.  The data  f i e l d s  
contain t h e  s c a l e  and o f f s e t  values t o  be applied t o  the  
primary cuff  pressure t ransducer  d a t a ,  a s  reported by the  Data 
Processor. The s c a l e  f i e l d  is encoded a s  a  p o s i t i v e  f ixed- 
point  number with the  MSB the  i n t e g e r  p a r t  and the  LSB the  
f r a c t i o n a l  p a r t  ( i i i i i i i i . f f f f f f f f ) .  The o f f s e t  f i e l d  i.s 
encoded a s  a tws's zomplement, cigaed inLecer i n  %he range 
+32767 t o  -32768. 
3,1,2.3.1.3.6 Blood Pressure Information 
+---+----------+-------------+-------------+-----------.-+ 
1 5 1 Sys to l i c  I D i a s t o l i c  4 I D ias to l i c  5 1 Mode/Error 1 
+---+----------+---------------+-------------+------------+ 
This da ta  type has a  type f i e l d  of f i v e ,  and four one-byte 
f i e l d s  i n  t h e  da ta  sec t ion .  The f i r s t  th ree  da ta  f i e l d s  g ive  
t h e  s y s t o l i c ,  four th  phase, and f i f t h  phase d i a s t o l i c  blood 
pressure i n  mm Hg ( i n t e g e r  0 t o  255). The four th  f i e l d  is  t h e  
mode/error code. B i t  7 r e f l e c t s  mode: 1 i f  continuous b l e e d ,  
0 i f  automatic. B i t s  6 t o  0 conta in  a 7-bi t  byte with d e f a u l t  
value of 0, def in ing any e r r o r s  i n  blood pressure measurement 
a s  follows: 
0 - no e r r o r  
1 - too few K-sounds t o  process 
2 - pulse pressure  below minimum o r  negative 
3 - s lope  negat ive  
4 - not enough K-sounds l e f t  a f t e r  processing 
5 - bad cuff  pressure  da ta  i n  t e s t  mode 
6 - bad RK i n t e r v a l  da ta  i n  t e s t  mode 
1 
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3.1.2.3.1.3.7 Blood P re s su re  Abort 
1 6 1 Reason I 
This  d a t a  t ype  has  a type  f i e l d  o f  s i x ,  followed 
by one f i e l d  o f  one by t e  i n  length .  This  d a t a  t ype  
i n d i c a t e s  t h a t  a c u f f  i n f l a t i o n / d e f l a t i o n  cyc l e  
was a b o r t e d ;  t h e  d a t a  f i e l d  g i v e s  t h e  reason f o r  
t h e  c a n c e l l a t i o n  o f  t h e  cyc l e :  
0 - The c y c l e  was abor ted  a t  t h e  r e q u e s t  of  
t h e  opera  t o r .  
1 - An over-time o r  over-pressure cond i t i on  
was de t ec t ed  by t h e  c u f f  e l e c t r o n i c s .  
2 - A l o s s  o f  t r ansduce r  r e f e r ence  vol.tage 
occurred.  
3 - A l o s s  of  ECG s i g n a l  occurred.  
4 - An i n f l a t i o n  over-time cond i t i on  was 
de t ec t ed  by t h e  Data Processor  sof tware .  
3 ,1e203 ,1 .3 .8  ADC Channel Data 
+---+----------------+-------///-------+ 
1 7 1 Channel Number I Data0 ... DataN I 
+---+----------------+-------///-------+ 
This d a t a  type  h a s  a type  f i e l d  o f  seven,  followed by 
a v a r i a b l e  number of  b y t e s  o f  da ta .  The f i r s t  d a t a  
by te  i n d i c a t e s  t h e  Analog-to-Digital  Converter (ADC) 
channel  ( 1  t o  8) from which t h e  block o r i g i n a t e d .  
The subsequent  block o f  by t e s  c o n t a i n s  t h e  samples 
processed by t h e  PMS Cont ro l  Processor  a s  s p e c i f i e d  i n  
t h e  PMS parameter EPROM. Such process ing  may inc lude  
s c a l i n g  and a d d i t i o n  o f  an o f f s e t .  
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3.1.2.3.1.3.9 EUI Channel Data 
+---+-------///-------+ 
1 8 1 Data0 ... DataN I 
+---+-------///-------+ 
This  da ta  type has a  type f i e l d  of e i g h t ,  followed by 
a va r i ab le  number o f  bytes of data.  h i s  d a t a  type 
conta ins  t h e  da ta  from t h e  EUI d i g i t a l  d a t a  por t .  
A f l a g  i n  t h e  PMS parameter EPROM w i l l  determine 
whether t h e  EUI da ta  i t s e l f  is encoded i n  t h e  same 
format. If t h e  EUI l acks  appropr ia te  software o r  
processing c a p a b i l i t y ,  the  EUI w i l l  p resent  da ta  
with appropr ia te  handshaking; the  PMS w i l l  b u f f e r  
t h e  block u n t i l  a  f ixed number of bytes have been 
received,  and then t ransmit  it i n  t h e  above format 
t o  t h e  CDTR and/or RS-232C l i n k .  I f  the  EUI has t h e  
appropr ia te  encoding software , the  PMS w i l l  observe 
the  length byte a s  presented by the  EUI  i n  o rde r  t o  
determine when t o  t ransmit  t h e  buffer  onwards. 
3.1.2.3.1.3.10 Valve Control Information 
+---+---------+ 
1 9 1 Control I 
This da ta  type has a  type f i e l d  of  n ine ,  followed by 
one byte of  da ta  i n d i c a t i n g  t h a t  t h e  bleed valve has 
Set::; given c. con t ro l  comnane. h e  con t ro l  bybe has 
two values: open ( z e r o ) ,  o r  c l o s e  (one). 
3.1.2.3.1.3.11 Cuff Pressure Transducer Data 
This data  type has a  type f i e l d  of t en ,  followed by four 
bytes  of da ta .  The first two da ta  bytes a r e  t h e  LSB and MSB 
of  t h e  10-bit uncal ibra ted  value read from t h e  primary 
t ransducer ,  and the  l a s t  two a r e  t h e  LSB and MSB of t h e  
10-bit value read from the  reference t ransducer  a t  the  same 
time. These values  a r e  used during the  cu f f  pressure  
primary t ransducer  c a l i b r a t i o n .  The most s i g n i f i c a n t  6 b i t s  
of the  primary MSB and of  t h e  reference  MSB should be imored, 
except f o r  b i t  7 of t h e  primary MSB. This b i t  is  used as a 
f l a g ;  1 i n d i c a t e s  t h a t  the  values occurred a t  the  top  
c a l i b r a t i o n  l e v e l  ( t h e  f i r s t  of  the  two c a l i b r a t i o n  p o i n t s ) ,  
and 0 means they occurred a t  the  bottom c a l i b r a t i o n  l eve l .  
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3.1.2.3.1.3.12 Ca l ib ra t ed  Primary Cuff Pressure  
+----+---------------+ 
I 11 I Cuff P re s su re  I 
+----+---------------+ 
This d a t a  t ype  h a s  a type  f i e l d  of  e l even ,  followed by one 
byte  o f  d a t a .  The d a t a  is an  unsigned byte  r e p r e s e n t i n g  
cuff  p r e s s u r e  i n  mmHg as determined from c a l i b r a t i n g  t h e  
i n p u t  from t h e  primary t ransducer .  
3.1.2.3.1.3.13 Data Type 12 h a s  been d e l e t e d .  
3.1.2.3.1.3.14 Ek t t e ry  Low I n d i c a t o r  
This d a t a  t ype  h a s  a type  f i e l d  o f  t h i r t e e n  and no 
subsequent  d a t a  by tes .  It i n d i c a t e s  t h a t  low v o l t a g e  
has  been sensed on t h e  power l i n e s .  
3.1.2.3.1.3.15 Korotkov Sound Gain 
+----+------.+ 
1 1 4  1 Gain I 
?'hi..- da%a t:me h a s  a  t ype  f i z 3 d  of  f o u r t e e n ,  f o ? . l ~ w e d  by one 
byte  o f  g a i n  d a t a .  The d a t a  is an i n t e g e r  from 1 t o  4, 
r e p r e s e n t i n g  t h e  one o f  fou r  p o s s i b l e  g a i n  s e t t i n g  f o r  t he  
K-sound a m p l i f i e r  t h a t  is c u r r e n t l y  t o  be used. 
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3.1.2.3.2 RS-232C Data I n t e r f a c e  
3.1.2.3.2.1 Transmitted Data 
RS-232C d a t a  is t r ansmi t t ed  through t h e  Rack Data Connector on 
t h e  D i g i t a l  Data Output l i n e .  The t ransmiss ion  is i n  encoded blocks 
wi th  t h e  s tandard  d a t a  block format.  A Data Ready l i n e  is ra i sed  f o r  
a de lay  period o f  two c h a r a c t e r  t imes  before  t h e  o u t p u t  o f  v a l i d  d a t a  
and remains r a i s e d  u n t i l  t h e  last  b i t  o f  d a t a  has  been t r ansmi t t ed .  
From one t o  s e v e r a l  b locks  of  d a t a  may be t r ansmi t t ed  whi le  t h e  Data 
Ready l i n e  is  r a i s e d ,  depending on t h e  d a t a  r a t e .  
Two i n v a l i d  c h a r a c t e r s  a r e  t r ansmi t t ed  dur ing  t h e  de lay  
per iod .  These should be ignored. The s t a r t  o f  v a l i d  d a t a  always is 
ind ica t ed  by a SYN c h a r a c t e r  (hexadecimal 16).  
Any d a t a  type  descr ibed  i n  t h e  d a t a  format s p e c i f i c a t i o n s  may 
be s e n t  through t h e  RS-232C l i n k .  The a c t u a l  da t a  t o  be t ransmi t ted  f o r  
any experiment is chosen dur ing  t h e  programming of t h e  Parameter PROM. 
3.1.2.3.2.2 Received Data 
The UART used a s  a t r a n s m i t t e r  a l s o  can be used a s  a r e c e i v e r ,  
and D i g i t a l  Data Input  and Return l i n e s  a r e  a v a i l a b l e  i n  t h e  Rack Data 
Connector. Note t h a t  a l though t h e  r e c e i v e r  is designed t o  be RS-232C 
compatible ,  it w i l l  n o t  meet a 100 kohm i n p u t  impdedance requirement.  
If ground loops  were a problem, an  o p t o i s o l a t o r  w i th  a small power 
conve r t e r  t o  provide power t o  d r i v e  t h e  i n p u t  t o  t h e  PMS could be 
added t o  t h e  rack  i n t e r f a c e .  
The PMS is no t  programme5 c u r r e r ~ t l y  t o  r z c e i v c  RS-232C da ta .  
If  such inpu t  were needed i n  t h e  f u t u r e ,  t h e  reprogramming would be 
s t r a igh t fo rward .  
3.1.2.3.2.3 Variable  Baud Rate 
The baud r a t e  f o r  t h e  t ransmiss ion  is sof tware  c o n t r o l l a b l e .  
me c u r r e n t  sof tware  programs t h e  RS-232C U A R T  f o r  a r a t e  o f  9600 baud. 
Tnere a r e  12 o t h e r  p o s s i b l e  r a t e s  ranging between 75 baud and 4800 baud. 
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3.1.2.3.3 Digital-to-Analog Converter 
3.1.2.3.3.1 General C h a r a c t e r i s t i c s  
A Digital-to-Analog converter  (DAC) is one of  t h e  output  p o r t s  
o f  the  Control Processor. Ten b i t s  of da ta  a r e  converted t o  a 0 t o  5v 
output  which goes through t h e  Rack Data Connector. The DAC con t ro l  
program is s t ruc tu red  such t h a t  any d i g i t a l  da ta  a v a i l a b l e  t o  t h e  
Control Processor could be output  through t h e  DAC. Simple d i g i t a l  
processing,  inc luding s c a l i n g ,  o f f s e t t i n g ,  and summing, can be 
performed on the  da ta  channels used. The output  da ta  r a t e  f o r  a 
channel would be the  r a t e  a t  which t h a t  channel had been input  
(maximum of 800 samples/ sec  1. 
3.1.2.3.3.2 Use i n  Spacelab 4 
For SL4 t h e  cu f f  pressure  is scaled and o f f s e t  with the  
c a l i b r a t i o n  f a c t o r s  determined by the  Data Processor, then summed w i t h  
Korotkov sound data .  The Korotkov sound data  can Se chosen by t h e  
opera tor  t o  be e i t h e r  f i l t e r e d  o r  u n f i l t e r e d ,  with bleed valve noise  
e i t h e r  windowed ou t  by software o r  l e f t  a s  it comes from t h e  analog 
c i r c u i t r y .  (Most of t h e  valve noise  is windowed out  by a 
sample-and-hold i n  t h e  c i r c u i t r y  which is ac t iva ted  when t h e  valve is  
opened and closed s h o r t l y  a f t e r  t h e  valve is closed.)  
The summed da ta  stream is output  t o  t h e  DAC a t  a r a t e  of  408 
~ampbes/sec.  The output  is delayed by 30 msec, due t o  i n t e r n a l  
orafTering by the  Control Processor. The program c l i p s  t h e  summed data  
a t  0 v and a t  5 v ,  s o  t h a t  no wrap-around occurs i f  the  sum is 
o f f  -scala.  
3.7.2.3.4 Analog-to-Digital Converters 
3,1.2.3.4.1 General C h a r a c t e r i s t i c s  
The PMS has two 10-bit ADC'S, with an input  range of  0 t o  5 v. 
One inputs  t o  t h e  Data Processor and one t o  t h e  Control Processor. 
Both conver ters  a r e  preceded by an 8-channel mult iplexor and a 
sample-and-hold. Each processor c o n t r o l s  i ts  own mult iplexor and may 
choose t o  sample any combination of  channels. 
The analog s i g n a l s  may s t a r t  out  e i t h e r  a s  0 v t o  5 v s i g n a l s  
o r  a s  -2.5 v t o  +2.5 v s igna l s .  The l a t t e r  must be o f f s e t  t o  the  0 v 
t o  5 v l e v e l  before being inpu t  t o  the  mult iplexor.  To accomplish 
t h i s  t he  processor programs an o f f s e t  ampl i f i e r  provided f o r  each 
channel. 
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3.1.2.3.4.2 Control  Processor  ADC 
A l l  e i g h t  p o s s i b l e  ana log  channels  (4 from t h e  EUI, and 4 from 
t h e  BP s e c t i o n  o f  t h e  PMS) are i n p u t  t o  t h e  mu l t i p l exo r  f o r  t h e  
Control  Processor .  The channel ass ignments  are a s  fo l lows:  
Channel Data 
---- 
Cuff p re s su re  
ECG 
Korotkov sounds 
F i l t e r e d  Korotkov sounds 
EUI d a t a  
EUI d a t a  
EUI d a t a  o r  f i l t e r e d  Korotkov sounds (jumperaS1.e) 
EUI d a t a  o r  r e f e r ence  cuf f  p r e s su re  ( jumperable)  
3-1.2.3.4.3 Data Processor  ADC 
The Data Processor  c u r r e n t i y  u s e s  on ly  t h r e e  channels .  m e  
channel ass ignments  fol low: 
Channe 1 Data 
------- ---- 
1 Cuff p r e s su re  ( c o n t r o l l e d  by t h e  Control  Processor )  
7 F i l t e r e d  Korotkov sounds 
8 Reference c u f f  p r e s s u r e  
3.1.2.3.4.4 Uses i n  Spacelab 4 
The Coritrol Prccessor  u s e s  its ADC t o  d l g i t i z e  2uff p r ez su re  
and e i t h e r  f i l t e r e d  o r  u n f i l t e r e d  Korotkov sounds, depending on t h e  
o p e r a t o r ' s  choice .  It pas se s  t h e  d a t a  t o  t h e  DAC r o u t i n e s  t o  c r e a t e  
t h e  summed d a t a  ou tput .  I f  t h e  sof tware  windowing o p t i o n  is chosen, 
t h e  Control  Processor  ADC r o u t i n e  s t a r t s  ho ld ing  t h e  last  Korotkov 
sound d a t a  p o i n t  a s  soon a s  t h e  Data Processor  t e l l s  it t h a t  t h e  bleed 
va lve  is open, t hen  resumes sampling when t h e  Data Processor  t e l l s  i t  
t h a t  t h e  va lve  is c losed .  
The Data Processor  u se s  t h e  c u f f  p r e s su re  and r e f e r ence  c u f f  
p r e s su re  channels  i n  t h e  c a l i b r a t i o n  o f  t h e  c u f f  p r e s s u r e  t r ansduce r ,  
Then it uses  t h e  c u f f  p r e s s u r e  and t h e  f i l t e r e d  Korotkov sound 
channels  i n  t h e  de t e rmina t ion  o f  blood p re s su re .  
i 
! 
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3.1.2.3.5 EUI D i g i t a l  Data I n t e r f a c e  
A s e r i a l  l i n k  e x i s t s  f o r  t r a n s f e r  o f  d i g i t a l  d a t a  between t h e  
PMS and t h e  EUI through t h e  EUI s e r i a l  l i n k .  The hardware has  been 
incorpora ted  as a UART connected t o  t h e  Control  Processor .  Although 
d i a g n o s t i c  r o u t i n e s  have been run t o  determine t h a t  t h e  hardware 
func t ions  c o r r e c t l y ,  no sof tware  c u r r e n t l y  is a v a i l a b l e  t o  accep t  o r  
t o  t r ansmi t  EUI d i g i t a l  da ta .  
3.1.2.3.5.1 Data format 
Any of t h e  d a t a  types  descr ibed  i n  t h e  d a t a  format 
s p e c i f i c a t i o n s  can be used f o r  i npu t  o r  ou tpu t .  However, s i n c e  EUP 
equipment is u n l i k e l y  t o  have enough c a p a b i l i t y  t o  produce d i g i t a l  
d a t a  according t o  t h e  s p e c i f i e d  formats ,  a s p e c i a l  format was designed 
f o r  EUI i n t p u t .  Data type  8 was designed s p e c i f i c a l l y  f o r  d i g i t a l  
d a t a  of  an a r b i t r a r y  l e n g t h ,  without  t h e  proper  fo rma t t ing  demanded i n  
t h e  o t h e r  d a t a  types .  See s e c t i o n  3.1.2.3.1 f o r  f u r t h e r  d e t a i l s .  
3.1.2.3.5.2 EUI I n t e r f a c e  C i r c u i t r y  
The EUI D i g i t a l  Data I n t e r f a c e  is a fu l l -duplex ,  s e r i a l  
channel  communicating with a  s tandard  asynchronous p ro toco l  of  s t a r t  
b i t ,  d a t a  b i t s ,  and s t o p  b i t ( s ) .  The p e r i p h e r a l  c o n t r o l l e r  is t h e  
same Har r i s  82C52 S e r i a l  Communications I n t e r f a c e  t h a t  is employed f o r  
the RS-232C Data I n t e r f a c e ,  descr ibed  i n  Sec t ion  3.1.2.3.2. Although 
t h e  EUL i n t e r f a c e  can be programmed over  t h e  same range of  baud r a t e s  
& h a t  a r e  a v a i l a b l e  f o r  t h e  RS-232C Data I n t e r f a c e ,  it w i l l  u s u a l l y  be 
r e s t r i c t e d  t o  t h e  lower r a t e s  t o  conserve power i n  t h e  o p t o - i s o l a t o r  
i n t e ~ f a c e  circuiA,s .  Rscomnnded ->nrameters t o  -?%e i n  programming 
t h e  i n t e r f a c e  a r e  i n d i c a t e d  i n  t h e  fo l lowing  t a b l e :  
S t a r t  B i t s  1 
Data Length 8 b i t s  
P a r i t y  None 
Stop B i t s  2 
Baud Rate 1200 bps. 
Since t h i s  channel  is n o t  used on SLS-1, d r i v e r s  f o r  t h i s  
i n t e r 3 a c e  a r e  n o t  included i n  t h e  EPROM o f  t h s  Control  Processor .  
These d r i v e r s  can be added a t  a  l a t e r  t ime and t h e  parameters  o f  t h e  
l i n k  can be modif ied,  i f  des i r ed .  
The ou tpu t  s i g n a l  is a t  t h e  CMOS l e v e l s  o f  t h e  Processor ' s  
pDwer supply and w i l l  be a t ,  nominally,  0  Vol t s  and +5 Volts  DC f o r  
l o g i c  va lues  o f  0 and 1 ,  r e s p e c t i v e l y .  The source  impedance is 
approximately 6 Kohms and is l a r g e l y  s e t  by a  s e r i e s  r e s i s t o r  ( R 7 )  f o r  
c i r c u i t  p ro t ec t ion .  The i d l e  s t a t e  o f  t h e  ou tpu t  is  t h e  l o g i c  1 
va lue .  
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Two a d d i t i o n a l  ou tpu t  s i g n a l s  are der ived  from t h e  i n t e r f a c e  
c i r c u i t  and a r e  provided f o r  use  by EUI. The first s i g n a l  is t h e  EUI 
C a l i b r a t i o n  Command and a complete d e s c r i p t i o n  w i l l  be found i n  t h e  
nex t  s e c t i o n  (3.1.2.3.5.3). The second s i g n a l  is a c lock  s i g n a l  t h a t  
is 16-times t h e  baud rate of t h e  EUI ser ia l  d a t a  channel.  This  is 
provided s o  t h a t  a s t a b l e  o s c i l l a t o r  need n o t  be cons t ruc t ed  i n  t h e  
EUI f o r  t h e  purposes  o f  d r i v i n g  t h e  d a t a  recovery  c i r c u i t s .  Both o f  
t h e s e  s i g n a l s  have series r e s i s t a n c e  p r o t e c t i o n  which w i l l  l i m i t  t h e i r  
d r i v e  c a p a b i l i t y  and rise times, dependent upon t h e  EUI1s c i r c u i t  
load ing .  
The ser ia l  d a t a  channel  is o p t i c a l l y  i s o l a t e d  and f l o a t i n g  
from a l l  c i r c u i t  grounds t o  e l i m i n a t e  ground loops.  It expec t s  a 
c u r r e n t  as a n  inpu t .  A 510 ohm series r e s i s t a n c e  ( ~ 4 )  is  provided t o  
p r o t e c t  t h e  i n p u t  diode from exces s ive  c u r r e n t s .  A p o s i t i v e  c u r r e n t  
i n t o  t h e  i n p u t  o f  a t  l e a s t  0.5 mi l l i amperes  w i l l  be i n t e r p r e t e d  as a  
l o g i c  ze ro  ( 0 )  a t  t h e  p roces so r ' s  i n t e r f a c e  c i r c u i t .  A p o s i t i v e  
c u r r e n t  o f  less than  0.02 mi l l i amperes  w i l l  be i n t e r p r e t e d  as a  l o g i c  
me (1) .  In accordance wi th  t h e  s e r i a l  comrndnications p ro toco l ,  t h e  
normal,  i d l e ,  s ta te  o f  t h i s  i n p u t  channel  is  t h e  l o g i c  one s t a t e  wi th  
ze ro  i n p u t  c u r r e n t .  
The r e t u r n  l i n e  f o r  t h e  i n p u t  s i g n a l  is f l o a t i n g  with r e s p e c t  
t o  t h e  c i r c u i t r y  i n  t h e  PMS. Therefore ,  t h e  ~ ~ 1 ' m a y  d r i v e  e i t h e r  t h e  
i n p u t  l i n e  wi th  p o s i t i v e  c u r r e n t  o r  s i n k  a nega t ive  c u r r e n t  o u t  o f  t h e  
r e t u r n  l i n e .  The vo l t age  a t  t h e  i n p u t  s i g n a l  l i n e  should n o t  exceed 5 
v o l t s ,  e i t h e r  p o s i t i v e  o r  nega t ive ,  w i th  r e s p e c t  t o  t h e  r e t u r n  l i n e .  
'~%e i n p u t  s i g n a l  l i n e  and i ts r e t u r n  may have a common mode v o l t a g e  up 
t o  100 v o l t s  wi th  r e p e c t  t o  t h e  c h a s s i s  ground. 
An example EUI i n t e r f a c e  is g iven  i n  Figure 3.1.2.3-1. 
Component va lues  may need t o  be a d j u s t e d  t o  s u i t  d a t a  r a t e  
requi rements  and o t h e r  c i r c u i t  d e t a i l s .  Note t h a t ,  i f  power is  t aken  
from t h e  supply l e a d s  o f  t h e  EUI i n t e r f a c e  o f  t h e  PMS ( J 6 ) ,  t h e  
maximum c u r r e n t  from e i t h e r  supply should be l i m i t e d  t o  250 
mi l l i amperes  by e i t h e r  a  f u s e  o r  o t h e r  c u r r e n t  l i m i t i n g  device.  If 
c u r r e n t s  exceed t h i s  l i m i t ,  t h e  p r o t e c t i o n  f u s e s  i n t e r n a l  t o  t h e  PMS 
w i l l  open and no power w i l l  be a v a i l a b l e  t o  t h e  EUI. The PMS EUI 
p r o t e c t i o n  f u s e s  a r e  so ldered  onto  t h e  Motherboard and a r e  n o t  f i e l d  
r ep l aceab le .  
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I f  a da ta  r a t e  i n  excess of 1200 baud is desired f o r  t h e  
s e r i a l  input  channel, some simple modificat ion t o  the  Processor Board 
w i l l  a l low t h e  input  c i r c u i t  t i m e  cons tan t s  t o  pass da ta  t o  9600 baud. 
This modificat ion involves changing t h e  value of  a r e s i s t o r  t h a t  
provides a back-bias t o  the  photo d e t e c t o r s  i n  the  opto- iso la tor .  
Res is tor  R9 on the  DCU Processor Board (PMSF-DC-PROO) should 
be decreased i n  value from 4.7K ohms t o  1K ohms. This lower value 
w i l l  decrease t h e  time delay i n  t h e  opto- iso la tor  due t o  s tored  charge 
when i l luminat ion  from the  photoemitter  is hal ted  ( i .e . ,  no cur ren t  
flows a t  t h e  input  t o  t h e  op to - i so la to r ) .  
Res is tor  R9 is  included f o r  p ro tec t ion  of  the  HP 6 ~ 1 4 0  (U1) 
op to - i so la to r  from damage due t o  damage from s t a t i c  discharges with 
dv/dt exceeding 50,000 Volts/microsecond. The higher value of  R9 used 
i n  t h e  i n i t i a l  cons t ruct ion  is a t t r i b u t a b l e  t o  the  e f f i c i e n t  use of 
p a r t s  i n  component packages i n  t h e  prototype t h a t  a r e  not  u t i l i z e d  i n  
t h e  f l i g h t  models. The lower value of R9 (1K ohm) is q u i t e  adequate 
f o r  s t a t i c  discharge p ro tec t ion  s i n c e  t h e  i n p u t s  have s e r i e s  
r e s i s t e n c e  and the  opera t ional  procedures f o r  mating t o  t h e  EUI 
connector w i l l  minimize the  p o s s i b i l i t y  of excess s t a t i c  discharges.  
3.1.2.3.5.3 Cal ibra t ion  Sequences 
D i g i t a l  l i n e s  output  from the  PMS through t h e  E U I  connector 
a r e  provided f o r  c a l i b r a t i o n  timing con t ro l  i n  the  EUI, a s  shown i n  
t h e  t iming diagram of Figure 3.1.2.3-2. Whenever a c a l i b r a t i o n  is 
chosen by the  opera tor ,  t h e  "Digi ta l  Data Out  Controln l i n e  is  r a i s e d  
to  s i g n a l  t h a t  a c a l i b r a t i o n  sequence is i n  process. The l i n e  s t a y s  
high u n t i l  t h e  c a l i b r a t i o n  process is over. During the  time t h a t  t h i s  
line is high, the EUI may iook a t   he "Calibrate Sigr-a1 Outn l h e .  
This second l i n e  is  ra i sed  and lowered according t o  a prespeci f ied  
timing p a t t e r n ,  with a duty cycle  and period t h a t  a r e  preprogrammed i n  
t h e  Parameter PROM. A separa te  duty cycle  and period may be se lec ted  
D i g i t a l  Data O u t  Control 1 I 
- - 
Cal ib ra te  Signal  Out -1 1- I 1- 1- 1- I- 1- I- I __ 
Figure 3.1.2.3-2 Cal ibra t ion  Sequences 
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3-1.2.3.6 CDTR D i g i t a l  Data I n t e r f a c e  
The PMS has  t h e  c a p a b i l i t y  o f  sending a d i g i t a l  s e r i a l  s t ream 
of  d a t a  t o  one channel o f  t h e  CDTR model 3. Any o f  t h e  d a t a  t ypes  
desc r ibed  i n  t h e  d a t a  format s p e c i f i c a t i o n s  which a r e  a v a i l a b l e  t o  t he  
Cont ro l  Processor  may be mult iplexed and t r ansmi t t ed  t o  t h e  CDTR 
through t h i s  s e r i a l  l i n k ,  Each record  fo l lows  t h e  d a t a  format 
s p e c i f i c a t i o n s .  
Because o f  t h e  n a t u r e  of very  densely record ing  b i t s  on t h e  
CDTR, e r r o r s  may occur  i n  t h e  record ing .  To minimize t h e  e f f e c t  of 
t h e s e  p o s s i b l e  e r r o r s ,  a l l  p a r t i c u l a r l y  important  PMS d a t a  r eco rds ,  
such a s  blood p re s su re ,  a r e  s e n t  redundant ly t o  t h e  CDTR, wi th  a n  
e x a c t  copy o f  a record immediately fo l lowing  it. 
3.1,2.3.6.1 Data Stream Format 
Each byte  of d a t a  t r a n s f e r r e d  from t h e  PMS t o  t h e  CDTR becomes 
a wort of  d a t a  i n  t h e  CDTR. A CDTR d a t a  word fr3m t h e  PMS c o n s i s t s  of 
10 b i t s .  The e i g h t  most s i g n i f i c a n t  b i t s  con ta in  t h e  byte  of  d a t a  
from t h e  PMS. The two l e a s t  s i g n i f i c a n t  b i t s  a r e  used t o  i n d i c a t e  t h e  
v a l i d i t y  of t h e  upper e i g h t  b i t s .  When both b i t s  a r e  I ,  t h e  upper 
e i g h t  b i t s  a r e  v a l i d ;  when they  both are 0, t h e  upper e i g h t  b i t s  a r e  
n o t  v a l i d .  No o t h e r  combination should e x i s t .  
For example, t h e  b i t  s t ream 1100110011 r e p r e s e n t s  t h e  by te  of  
data 1%001100, o r  OCC i n  hexadecimal, and 0000000011 r e p r e s e n t s  0. 
The b i t  s t reams 1100110000 and 00000000 do n o t  con ta in  v a l i d  d a t a .  
General ly ,  PMS d i g i t a l  d a t a  w i l l  be available f o r  record ing  on 
t h e  CDTR only on a spo rad ic  b a s i s .  Since t h e  CDTR must record 
something f o r  every  one of  i ts  sample t imes,  much o f  t h e  d a t a  recorded 
by t h e  CDTR from i ts d i g i t a l  channel  w i l l  be i n v a l i d .  Therefore,  i t  
is extremely important  t o  s ea rch  f o r  t h e  v a l i d i t y  b i t s ,  which w i l l  
o n l y  be p re sen t  when t h e  PMS has  t r ansmi t t ed  v a l i d  da t a .  
I 
I 
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3.1.2.3.6.2 I n t e r a c t i o n  wi th  CDTR 
The CDTR D i g i t a l  Data I n t e r f a c e  is comprised o f  a  s e r i a l  d a t a  
o u t p u t  whose b i t s  a r e  s h i f t e d  by a c lock  suppl ied  from t h e  CDTR 
( C a s s e t t e  Data Tape Recorder).  An a d d i t i o n a l  d i g i t a l  i n p u t  from t h e  
CDTR provides  framing synch ron iza t ion  t o  t h e  s h i f t e d  b i t s  s o  t h a t  t hey  
can r e p r e s e n t  d a t a  words. Each ou tpu t  word is 10 b i t s  i n  length .  The 
most s i g n i f i c a n t  8 b i t s  a r e  loaded by t h e  Control  Processor  i n  one 
o u t p u t  i n s t r u c t i o n ;  t h e  two remaining b i t s  a r e  loaded by a second 
o u t p u t  i n s t r u c t i o n .  The d a t a  t im ing  is defined i n  SRI S p e c i f i c a t i o n  
CDTR-30-0000-TS and is i n d i c a t e d  concep tua l ly  i n  F igure  3.1.2.3-3. 
Timing va lues  should be ob ta ined  from t h e  re fe renced  s p e c i f i c a t i o n .  
This PMS i n t e r f a c e  is compatible  w i th  t h e  t h r e e  r eco rde r  speeds 
conta ined  w i t h i n  t h e  s p e c i f i c a t i o n  ( i .e . ,  3/16, 3/8, and 314 
inches / second)  . 
S E R , h L  
c L o c g n  1 i] -1 [ 11 l r tw OUT 
FRAMING 
SYNC OUT 1 
Figure 3.1.2.3-3 CDTR D i g i t a l  Channel Timing 
Data i n p u t s  and ou tpu t  a r e  a t  CMOS l o g i c  l e v e l s  compat ib le  
wi th  t h e  5 Volt  l o g i c  supply.  S e r i a l  ou tpu t  d a t a  is presen ted  w i t h  
p o s i t i v e  l o g i c  l e v e l s  ( i . e . ,  0 = 0 Vol ts ,  i = +5 Yol t s )  w i th  t h e  most 
s i g n i f i c a n t  b i t  being a v a i l a b l e  a t  t h e  i n t e r f a c e  a t  o r  before  t h e  
r i s i n g  edge o f  t h e  c lock  s i g n a l  from t h e  CDTR. The i n t e r f a c e  c i r c u i t s  
a r e  d i r e c t l y  coupled between t h e  PMS and t h e  CDTR wi thout  i s o l a t i o n  
c i r c u i t s  because t h e  CDTR is an i s o l a t e d  system t h a t  does n o t  have 
p a t h s  t o  t h e  s p a c e c r a f t  frame t h a t  could c o n t r i b u t e  t o  ground loop  
problems. 
A s  b i t s  are s h i f t e d  through t h e  i n t e r n a l  s h i f t  r e g i s t e r ,  t h e  
l e a s t  , s i g n i f i c a n t  b i t s  a r e  set t o  l o g i c  zero.  Therefore ,  r eads  of 
more than  t e n  b i t s  w i l l  s e e  zeros .  If only  t h e  most s i g n i f i c a n t  by te  / of t h e  d a t a  is w r i t t e n  by t h e  p roces so r ,  t h e  two l e a s t  s i g n i f i c a n t  
! b i t s  w i l l  always be ze ro  fo l lowing  a t  l e a s t  one read frame from t h e  
CDTR. 
SR I International 
Menlo Park, California 94025 
3.1.2.3.7 Experiment Parameter Data Base 
3.7.2.3.7.1 General Desc r ip t i on  
The parameter d a t a  base c o n t a i n s  d a t a  p r imar i l y  d e s c r i b i n g  t h e  
s e l e c t a b l e  experiments ,  s u b j e c t s ,  and time i n t e r v a l s  between cuf f  
i n f l a t i o n s .  A t  p r e s e n t  one may choose between fou r  experiments ,  f ou r  
s u b j e c t s  and e l even  time i n t e r v a l s  ( i nc lud ing  user-timed i n f l a t i o n s  a s  
d e s i r e d .  ) 
An experiment is desc r ibed  by t h e  fo l lowing  parameters :  
o  The experiment  name (up t o  s i x  c h a r a c t e r s )  
o  I d e n t i f i c a t i o n  of d e f a u l t  s u b j e c t  (up t o  10 c h a r a c t e r s )  
o  The d e f a u l t  time i n t e r v a l  between succes s ive  c u f f  i n f l a t i o n s  ( see . )  
o Three numbers s p e c i f y i n g  a ~ a l i b r a t ~ o n  square  wave per iod  and 
squa re  wave h igh  per iod .  They a r e  used i n  g e n e r a t i n g  c a l i b r a t i o n  
t iming  pu l se s .  
o  Oata t o  a l l ow  s e l e c t i o n  o f  i npu t  vo l t age  ranges  f o r  each cha.nne1 
+/-2.5 v o l t s  o r  0-5 v o l t s .  
o  A va lue  s p e c i f y i n g  which mu l t i p l exo r  t a b l e  is t o  be used i n  
ADC sampling. Each mu l t i p l exo r  t a b l e  c o n t a i n s  an ordered 
list of t h e  channels  t o  be sampled. The t a b l e  wraps back 
t o  t h e  first channel  i n  t h e  list a f t e r  a c c e s s i n g  t h e  last  
one i n  t . 5 ~  list. Any niunber of a u l t i p l e x o r  t a b l e s  ass be 
inc luded  i n  t h e  d a t a  base. 
o  A va lue  s p e c i f y i n g  a  t a b l e  o f  dev i ce s  (e.g., RS-232C, CDTR) t h a t  
a r e  t o  r e c e i v e  t h e  experiment and s u b j e c t  names a t  s t a r t - u p  and 
a f t e r  experiment  o r  s u b j e c t  changes. 
o  A value  s p e c i f y i n g  a t a b l e  o f  t h e  types  o f  messages (e.g., blood 
p r e s s u r e ,  t y p e  5) t h a t  a r e  t o  be s e n t  t o  t h e  RS-232C l i n k ,  
o  A s e t  o f  t a b l e s  s p e c i f y i n g  a s c a l e  f a c t o r  and o f f s e t  f o r  each 
p o s s i b l e  ADC channel .  Also included a r e  va lues  s p e c i f y i n g  
what t o  do wi th  t h e  d a t a  from each channel ,  e.g. ,  sum wi th  
ano the r  channel  and send t o  t h e  DAC. 
SRI CIA FORA# 4501 543.' 
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A sub jec t  is character ized  by the  following parameters: 
o  Name of s u b j e c t  (up t o  10 cha rac te r s )  
o  The maximum time f o r  a  cuff  d e f l a t i o n  (see . )  
o  The upper pressure  l i m i t  f o r  a  cu f f  i n f l a t i o n  (mmHg) 
o  The minimum cuff  pressure f o r  any d e f l a t i o n  (mrnHg) 
o  The number of  K-sounds necessary f o r  a  blood pressure measurement 
o  The nominal RK s lope  f o r  t h i s  s u b j e c t  (msec/mmHg) 
o  Whether t o  use u n f i l t e r e d  o r  f i l t e r e d  K-sounds f o r  the  DAC output 
o  Whether o r  not  t o  d i sp lay  four th  phase d i a s t o l i c  blood pressure 
o Whether GP not t o  use software valve no i se  windowing 
o  A s e t  of f l a g s  is included t h a t  prevents/al lows the  user  t o  change 
each s u b j e c t  parameter above, except  sub jec t  name. For ins tance ,  
a  f l a g  may be s e t  such t h a t  the  u s e r  is allowed t o  change the  
maximum cuff  pressure ,  but another  f l a g  may be i n  t h e  s t a t e  which 
prevents  t h e  user  from changing t h e  nominal RK s lope.  
o  A d e f a u l t  K-sound ampl i f ie r  ga in  t h a t  can be changed by any user 
is a l s o  included. 
Th6 p?ece<$r-g lists of exr~9riments and sub jec t  parsmeters 
represent  values t h a t  must be entered a t  wpre-programing time." The 
number of experiments and sub jec t s ,  both c u r r e n t l y  four ,  may be 
increased t o  include any poss ib le  s e t  of experiment/subject  parameters 
not  c u r r e n t l y  a v a i l a b l e .  The s e t  of s e l e c t a b l e  i n t e r v a l s  represent ing  
the  times between successive cuff  i n f l a t i o n s  c u r r e n t l y  goes from 45 
seconds t o  60 minutes i n  10 d i s c r e t e  s e t t i n g s .  The user  may a l s o  
s e l e c t  This w i l l  a l low him o r  her  t o  reques t  cu f f  i n f l a t i o n s  
I as  des i red .  
i 
I The d a t a  s t r u c t u r e  of t h e  parameter progran is f l e x i b l e  enough 
t o  e a s i l y  al low f u t u r e  add i t ions  of experiment-relevant data.  
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1 3.1 .2.3.7.2 Spacelab 4 Parameters 
The fo l lowing  paragraphs p re sen t  a d e s c r i p t i o n  o f  t h e  d i g i t a l  
d a t a  r equ i r ed  by each SL4 experiment from t h e  PMS. The information 
t h a t  is d i sp l ayed  on t h e  RCDU is t h e  same f o r  a l l  experiments  and is 
descr ibed  f i r s t .  Data t h a t  is s e n t  t o  t h e  RS-232C l i n k  fol lows.  Next 
t h e  DAC o u t p u t  is  d i scus sed .  F i n a l l y ,  a summary o f  important  
experiment ,  s u b j e c t  and time i n t e r v a l  parameters  is included.  
3.1.2.3.7.2.1 RCDU Data 
A l l  f o u r  experiments  r e c e i v e  t h e  same informat ion  and d a t a  on 
t h e  RCDU. This  i nc ludes :  
o Experiment Numbers: choice  o f  E022, E066, E198, E294, TEST 
o Sub jec t  ID'S:  cho ice  of  MS1, MS2, PSI, PS2, PS3, PLT, CDR, TEST 
o Time i n t e r v a l  between blood p r e s s u r e  measurements: choice  of 
manual o r  45 seconds t o  60 minutes i n  10 d i s c r e t e  s t e p s .  
o Heart  r a t e :  A 4-beat average i n  b e a t s h i n u t e .  A d i s p l a y  
o f  "0 bpmw means no ECG has  been sensed f o r  t h e  p a s t  
6 seconds. 
o Cuff c a l i b r a t i o n  d a t a :  primary and r e f e r e n c e  cu f f  t r ansduce r  
va lues  a t  two p re s su re s .  The primary d a t a  is preceded by 
"P=" and t h e  r e f e r e n c e  d a t a  by "R=". The r e f e r ence  d a t a  
r e p r e s e n t s  fou r  times t h e  a c t u a l  p r e s s u r e  i n  mmHg. The 
p r i a a r y  ~ a l u e s  a r e  c a l l o r a t e d  & g a i n s t  t h e  re fordnce  va lues .  
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o Blood p r e s s u r e  measurement r e s u l t s :  one of  t h e  fo l lowing  is 
d i sp l ayed  as t h e  r e s u l t  o f  r e q u e s t i n g  a blood p re s su re  
measurement. 
a )  The computed blood p r e s s u r e ,  d i sp layed  a s  s y s t o l i c  
p r e s s u r e  over  d i a s t o l i c  p r e s s u r e  i n  mmHg, and f o u r t h  
phase d i a s t o l i c  i f  t h a t  op t ion  h a s  been chosen 
b )  The message, "ERROR x," i f  t h e  d a t a  processor  
a lgo r i t hms  conclude t h a t  t h e  d a t a  acqui red  dur ing  
a blood p re s su re  measurement is no t  adequate  f o r  
an  a c c u r a t e  c a l c u l a t i o n  o f  t h e  s y s t o l i c  and/or  
d i a s t o l i c  p ressure .  m e  e r r o r  codes (x) fol low: 
o 1 - Too few K-sounds were de t ec t ed .  
o 2 - The pu l se  p r e s s u r e  ( s y s t o l i c  minus d ias toLicb  
was t o o  smal l  ((5 mmHg). 
o 3 - The computed RK s l o p e  was nega t ive .  
o 4 - The a lgo r i t hms  threw o u t  t o o  many p o s s i b l e  
K-sounds, s o  n o t  enough were l e f t .  
o 5 - In a t es t  d e f l a t i o n  (subject=TEST) t h e  c i ~ r f  
p r e s s u r e s  were n o t  reasonable  va lues .  
o 6 - In a t es t  d e f l a t i o n  (subject=TEST) t h e  RK 
i n t e r v a l s  were n o t  reasonable  va lues .  
c )  The message, "ABORTED," fo:lowed by a message g i v i n g  
t h e  reason t h e  blood p re s su re  measurement was s topped.  
These messages a r e :  
o "MANUALn - The o p e r a t o r  reques ted  t h a t  t h e  
measurement s top .  
o "OP/OTn - an  ove rp re s su re  o r  overt ime cond i t i on  
has  occur red .  
o "NO ECGn - t h e  ECG s i g n a l  has  been l o s t  
o "INFL OTw - t h e  time t o  i n f l a t e  t h e  c u f f  was 
exces s ive  
o "NO REFw - t h e  c u f f ' s  p r e s s u r e  t r ansduce r  
r e f e r ence  v o l t a g e  was l o s t  
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3.1.2.3.7.2.2 RS-232C Link 
A l l  experiments  r ece ive  informat ion  and d a t a  v i a  t h e  
RS-232C l i n k .  The fol lowing list desc ibes  what is s e n t  t o  t h e  
l i n k .  The d a t a  format t ype  is i n  parentheses :  
Power-on i n d i c a t i o n  ( 0) 
Experiment and s u b j e c t  names ( 1 )  
Experiment parameters  ( 2 )  
A f o u r  b e a t  average of t h e  h e a r t  r a t e  (3 )  
The c a l i b r a t e d  s c a l e  f a c t o r  and o f f s e t  va lues  f o r  t h e  primary 
c u f f  t r ansduce r  (4) 
Blood p re s su re  d a t a ,  i nc lud ing  s y s t o l i c  p re s su re ,  d i a s t o l i c  
p re s su re ,  fou r th  phase d i a s t o l i c  p re s su re ,  and e r r o r  code (5)  
An a b o r t  i n d i c a t o r ,  p l u s  reason ,  as appropr i a t e  (6) 
Cuff p re s su re  t r ansduce r  d a t a ,  twice  dur ing  a 
c a l i b r a t i o n ,  wi th  t h e  f i r s t  o r  h ighe r  va lue  flagged (10)  
Cuff p re s su re ,  a t  each bea t  du r ing  a d e f l a t i o n  (11)  
Batte-y low i n d i c a t i o n  (13)  
Current  Korotkov sound g a i n  s e t t i n g  (14)  
A d e s c r i p t i o n  of  t h e  con ten t  and format of t h e  above list is 
found i n  t h e  General Data Format Sec t ion  3.1.2.3.1 
3.1.2.3.7.2.3 DAC Output 
A l l  experiments  may c u r r e n t l y  u se  t h e  ou tpu t  o f  t he  
d ig l t a l - t o -ana log  conver te r .  A t  p r e sen t  t h e  output  is  t h e  sum of t h e  
cuff  P re s su re  and t h e  f i l t e r e d  ( o r  u n f i l t e r e d ,  i f  s e l e c t e d )  
Rorotkov-sound a ~ p l i t v d e .  The ou tpu t  vo l t age  of  t h e  DAC is i n  t h e  0 
t o  5 v o l t  range. Sums wi th  magnitude g r e a t e r  than 5 v o l t s  o r  less 
than  0 v o l t s  are c l ipped  a t  5 o r  0 v o l t s ,  r e spec t ive ly .  
3.1.2.3.7.2.4 Ekpsriment, Subjec t ,  and Time-Interval Parameters 
A l l  experiments  have t h e  same d e f a u l t  s u b j e c t ,  MS1, and a 
d e f a u l t  time i n t e r v a l  between cuff i n f l a t i o n s  of nmanual,n i .e.,  blood 
p re s su re  is only  taken when reques ted .  Addi t iona l ly  a l l  experiments 
o f f s e t  i n p u t  channels  1 and 2 (ECG and K-sounds) by 2.5 v o l t s ,  i . e . ,  
b i p o l a r  i n p u t s  o f  +/-2.5 v o l t s  a r e  expected on t h e s e  channels.  In a l l  
experiments  b u t  TEST t h e  o t h e r  s i x  channels  a r e  expected t o  be 
un ipo la r  i n p u t s  i n  t h e  0 t o  5 v o l t  range.  The TEST experiment expec t s  
channels  5 and 6 t o  be b i p o l a r  i npu t s .  
In s p e c i f y i n g  a s u b j e c t  I D ,  one is s e l e c t i n g  a s e t  o f  
parameters  which a r e  descr ibed  i n  s e c t i o n  3.1.2.3.1. The parameters  
c u r r e n t l y  a r e  t h e  same f o r  each s u b j e c t ,  bu t  they  can be def ined  
s p e c i f i c a l l y  f o r  each sub jec t .  A l l  o f  t h e  parameters  except  f o r  s u b j e c t  
name a r e  i n  a " d e f a u l t  parametern t a b l e ,  which can be changed by t h e  'user 
v i a  t h e  RCDU, u n l e s s  a f l a g  f o r  any p a r t i c u l a r  parameter prevents  t h e  use r  
from changing it ( s e e  s e c t i o n  3.1.2.3.7.1). 
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The fo l lowing  time i n t e r v a l s  between c u f f  i n f l a t i o n s  are a v a i l a b l e :  
Manual ( u s e r  s e l e c t s  i n f l a t i o n s  as d e s i r e d )  
45 seconds 
1 minute 
2 minutes  
3 minutes  
4 minutes  
5 minutes  
10 minutes  
15 minutes 
30 minutes  
60 minutes  
3.1.2.3.7.2.5 CDTR Output 
A l l  experiments  f o r  SL4 w i l l  r e c e i v e  t h e  same d a t a  i n  t h e  s e r i a l  CDTR 
d a t a  stream as is s e n t  through t h e  RS-232C l i n k .  This  does n o t  need t o  be t h e  
c a s e  f o r  o t h e r  missions.  The CDT3 and t h e  RS-232C d a t a  streams may be se lec ted  
independent ly  o f  each o t h e r .  
3.1.2.4 User I n t e r f a c e  
3.1.2.4.1 Cont ro ls  and Displays - RCDU 
The PMS has  l i m i t e d  c o n t r o l  c a p a b i l i t y ,  i n  o r d e r  t o  provide  
s i m p l i c i t y  i n  t h e  running of experiments .  F l e x i b i l i t y  has  been 
main ta ined ,  however, because o f  t h e  preprogramming c a p a b i l i t y  provided 
wi th  t h e  system. The c o n t r o l s  are used only  t o  s e l e c t  o p t i o n s  which 
have Seen prep?ogrammed before  a? experirrent.  
3.1.2.4.1.1 Push Button Cont ro ls  
A l l  c o n t r o l  is performed wi th  f i v e  push bu t tons  on t h e  f a c e  of 
t h e  RCDU. The push b u t t o n s  a r e  a l o n g  t h e  bottom o f  t h e  d i s p l a y ;  from 
l e f t  t o  r i g h t  a r e  l a b e l l e d  r e s p e c t i v e l y  MODE, INC, DEC, EXEC and VIEW. 
A p i c t u r e  o f  t h e  RCDU is i n  Figure 3.1.2.4-1. 
Figure 3.1.2.4-1 The RCDU 3 C " *  :SC" 5 &- 
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MODE 
The MODE but ton  is used t o  swi tch  between v a r i o u s  s e l e c t i o n  
modes. When t h e  PMS is turned  on,  t h e  mode is s e t  t o  0. Each time t h e  
MODE bu t ton  is pushed, t h e  mode advances t o  t h e  nex t  i n  t h e  sequence. 
Mode 0 fo l l ows  i n  sequence after t h e  l a s t  mode. A list o f  t h e  
p o s s i b l e  modes fol lows:  
Mode 0 - S e l e c t  experiment 
Mode 1 - S e l e c t  s u b j e c t  
Mode 2 - Choose t o  change d e f a u l t  parameters  o r  no t  
Mode 3 - S e l e c t  blood p r e s s u r e  measurement i n t e r v a l  
Mode 4 - S e l e c t  Korotkov sound g a i n  
Mode 5 - Choose t o  c a l i b r a t e  o r  n o t  
Mode 6 - Execute experiment 
Mode 7 - Choose t o  change d e f l a t i o n  bleed op t ion  o r  n o t  
To s t o p  t h e  running  o f  one experiment  and t o  choose a n o t h e r  
exper iment ,  t h e  MODE bu t ton  can be pushed a t  any time du r ing  Mode 7. A 
new experiment  may then  be de f ined  i n  Mode 0. I f  the experiment is n o t  
changed ( t h i s  is accomplished by pushing t h e  MODE bu t ton  a g a i n ,  t h u s  
e n t e r i n g  Mode 1 without  having pushed any o t h e r  b u t t o n s ) ,  t h e  running of 
t h e  c u r r e n t  experiment is n o t  d i s r u p t e d .  Data w i l l  con t inue  t o  flow 
through t h e  system, a l t hough  any d a t a  d i s p l a y  w i l l  be blocked. 
Whenever t h e  MODE but ton  is pushed t o  e n t e r  t h e  next  mode before  
any o t h e r  bu t ton  has  been pushed, t h e  experiment w i l l  n o t  be d i s r u p t e d .  
YYd this way it is p o s s i b l e  t o  review prev ious  parameter s e l e c t i o n s  
w i thou t  d i s r u p t i n g  t h e  flow o f  d a t a  du r ing  an  experiment.  
IhC 
The INC bu t ton  is  used i n  t h e  s e l e c t i o n  o f  parameters  w i th in  
any one mode. When t h e  mode is s e l e c t e d ,  a  " d e f a u l t n  v a l u s  f o r  a  
Parameter  is chosen and d i sp l ayed .  This  has  been chosen a s  d e f a u l t  a t  
preprogramming time. Pushing t h e  I N C  bu t ton  causes  t h e  next  p o s s i b l e  
v a l u e  f o r  t h e  parameter (def ined  du r ing  preprogramming a s  n e x t  i n  t h e  
t a b l e  o f  p o s s i b l e  v a l u e s )  t o  be chosen and d isp layed .  Subsequent 
pushes o f  INC cause t h e  fo l lowing  va lue  i n  t h e  t a b l e  t o  be s e l e c t e d .  
The va lue  s e l e c t e d  after t h e  las t  one i n  t h e  t a b l e  is  t h e  first one i n  
t h e  t a b l e .  
The I N C  bu t ton  is a  r e p e a t i n g  switch.  Holding it down 
con t inuous ly  causes  r epea t ed  s e l e c t i o n  and d i s p l a y  o f  t h e  consecu t ive  
v a l u e s ,  a t  a  r a t e  o f  about  once a  second. 
DEC 
The DEC but ton  is used e x a c t l y  a s  t h e  I N C  bu t ton ,  excep t  t h a t  
t h e  p r ev ious  va lue  i n  t h e  t a b l e  is s e l e c t e d .  P i e  va lue  s e l e c t e d  a f t e r  
t h e  f i r s t  one i n  t h e  t a b l e  is t h e  l a s t  one i n  t h e  t a b l e .  The DEC 
bu t ton  is a l s o  a  r e p e a t i n g  swi tch .  
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The EXEC bu t ton  is used t o  s e l e c t  s p e c i a l  p rocesses .  Its 
meaning v a r i e s ,  depending on t h e  c u r r e n t  mode. In Mode 2 ( d e f a u l t s )  
pushing t h e  EXEC but ton  causes  t h e  d e f a u l t  parameters  t o  be d i sp layed  
f o r  p o s s i b l e  change. In  Mode 5 ( c a l i b r a t e )  pushing t h e  EXEC bu t ton  
c a u s e s  t h e  c a l i b r a t i o n  sequence t o  t a k e  p lace .  In  Mode 6 (execute)  
pushing t h e  EXEC bu t ton  causes  t h e  " s t a t e n  o f  blood p re s su re  
measurement t o  change. If a blood p re s su re  measurement is  i n  process ,  
it is abor ted .  Otherwise,  a measurement is s t a r t e d .  In Mode 7 (b leed  
s e l e c t )  pushing t h e  EXEC bu t ton  swi t ches  between au tomat ic  and 
cont inuous  bleed.  During o t h e r  modes t h e  bu t ton  is ignored.  
I VIEW I 
The VIEW bu t ton  is used t o  change t h e  viewing ang le  o f  t h e  
d i s p l a y .  The viewing a n g l e  f o r  t h e  l i q u i d  c r y s t a l  d i s p l a y  is  very  
narrow. The but ton  makes it p o s s i b l e  t o  s e e  t h e  d i s p l a y  from va r ious  
a n g l e s  by caus ing  an  ad jus tment  wi th  each push. In  response  t o  
consecu t ive  pushes on t h e  bu t ton ,  t h e  d i s p l a y  is changed through e i g h t  
p o s s i b l e  viewing a n g l e s  and t h e n  s t a r t s  over  w i th  t h e  first angle .  
3.1.2.4.1.2 Disp lays  
The RCDU c o n t a i n s  a 2- l ine  l i q u i d  c r y s t a l  d i s p l a y  (LCD), wi th  116 
c h a r a c t e r s  i n  each l i n e .  A l l  t h e  PMS d i s p l a y s  a r e  ou tpu t  t o  t h e  LCDo 
The c u r r e n t  p o s s i b l e  d i s p l a y  formats  are descr ibed  below. Spec i a l i zed  
d i s p l a y s  are easy  t o  develop i n  suppor t  o f  s p e c i f i c  experiment needs.  
I LOW POWER /I 
This  d i s p l a y  can occur  a t  any time i n  t h e  upper l e f t  c o r n e r  of  
t h e  d i s p l a y .  The format is "LOW DCn. I f  t h i s  d i s p l a y  appears  t h e  
b a t t e r y  should be changed as soon as poss ib l e .  The d i s p l a y  may 
d i sappea r  i f  ano the r  d i s p l a y  is w r i t t e n  over  i t ,  b u t  it w i l l  r eappear  
i f  t h e  low power c o n d i t i o n  cont inues .  
EXPERIMENT CHOICE 
This d i s p l a y  has  t h e  format o f  "MP=AAAAAAn, where t h e  AAAAAA 
f i e l d  r e p r e s e n t s  t h e  c u r r e n t  experiment i d e n t i f i c a t i o n .  Pushing I N C  
o r  DEC w i l l  change t h i s  f i e l d  t o  a d i f f e r e n t  experiment 
i d e n t i f i c a t i o n .  
SUBJECT CHOICE 
? This d i s p l a y  h a s  t h e  format  o f  "SUBJ=AAAAAAAAAA", where t h e  
A A A A A A A A A A  f i e l d  r e p r e s e n t s  t h e  c u r r e n t  s u b j e c t  i d e n t i f i c a t i o n .  1 T-shing I N C  o r  DEC w i l l  change t h i s  f i e l d  t o  a d i f f e r e n t  s u b j e c t  i d e n t i f i c a t i o n .  
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CHANGE DEFAULTS 
The format o f  t h i s  d i s p l a y  is "CHANGE DEFAULTS? / YES=MECn. 
Pus5ing t h e  MODE bu t ton  swi t ches  t o  t h e  nex t  mode wi thout  d i s p l a y i n g  
o r  changing any d e f a u l t  parameters .  
If t h e  M E C  bu t ton  is pushed, t h e  d e f a u l t  va lue  f o r  t h e  first 
o f  t h e  parameters  i n  t h e  Defaul t  Parameter Table is d isp layed .  
Pushing t h e  MODE but ton  causes  t h e  d e f a u l t  va lue  f o r  t h e  nex t  
parameter  i n  t h e  t a b l e  t o  be d i sp layed .  If it is pe rmis s ib l e  t o  
change a  parameter ,  i t  may be changed by t h e  u se  o f  t h e  I N C  and DEC 
b u t t o n s  as desc r ibed  above. After t h e  l a s t  d e f a u l t  parameter ha s  been 
d i s p l a y e d ,  pushing t h e  MODE but ton  swi t ches  t o  t h e  nex t  mode. 
Sec t ion  3.1.2.3.7.1 d e s c r i b e s  t h e  d e f a u l t  parameter  
s p e c i f i c a t i o n  process  i n  more d e t a i l .  
BLOOD PRESSURE MEASUREMENT INTERVAL CHOICE 
The format  o f  t h i s  d i s p l a y  is "BP INT=DDDDDDn, where t h e  d a t a  
f i e l d  DDDDDD may e i t h e r  be minutes and seconds s p e c i f i e d  a s  MM:SS, o r  
t h e  word MANUAL. The MM f i e l d  r e p r e s e n t s  t h e  c u r r e n t  number o f  
minutes ,  and t h e  SS f i e l d  r e p r e s e n t s  t h e  c u r r e n t  number o f  seconds 
between au tomat ic  blood p r e s s u r e  c u f f  i n f l a t i o n s .  Curren t ly  t h e  
Parameter PROM is programmed f o r  s e l e c t i o n  between 10 time i n t e r v a l s :  
45 seconds,  and 1 ,  2, 3 ,  4, 5, 10, 15, 30, and 60 minutes.  
Blood p re s su re  measurement on ly  on demand is a l s o  a p o s s i b l e  
s e l e c t i o n ,  i n  which c a s e  t h e  MM:SS f i e l d  is rep laced  by MANUAL. I f  
t h e  manual cond i t i on  is s e l e c t e d ,  a  cu f f  i n f l a t i o n  w i l l  n o t  be s t a r t e d  
a u t ~ m a t i c a l l y .  
Pushing t h e  EXEC bu t ton  w i l l  cause an  i n f l a t i o n  a t  any time t h e  
c u f f  is n o t  a l r e a d y  i n f l a t e d ,  This  is t r u e  even i f  a t i m e  i n t e r v a l  f o r  
au tomat ic  i n f l a t i o n  h a s  been chosen. 
Pushing I N C  o r  DEC w i l l  r o t a t e  t h e  time i n t e r v a l  f i e l d  
between t h e  e leven  p o s s i b l e  s e l e c t i o n s .  
G A I N  SELECTION 
me format  o f  t h i s  d i s p l a y  is "GAIN=xn. It is p o s s i b l e  t o  
choose between f o u r  d i f f e r e n t  g a i n  s e t t i n g s  f o r  t h e  Korotkov sound 
microphone a m p l i f i e r  by u s i n g  t h e  I N C  and DEC b u t t o n s  a s  desc r ibed  
above. The s e t t i n g s  a r e  numbered 1 ,  2, 3 and 4, wi th  1 r e p r e s e n t i n g  
t h e  lowest  g a i n  and 4 r e p r e s e n t i n g  t h e  h i g h e s t  ga in .  Gain l e v e l  
should be s e l e c t e d  wi th  c a r e  once t h e  microphone has  been placed.  It 
may be necessary  t o  change t h e  g a i n  t o  a lower s e t t i n g  when a  s u b j e c t  
is e x e r c i s i n g  than  when t h e  s u b j e c t  is a t  rest. 
HEART RATE 
The format  o f  t h i s  d i s p l a y  is llDDDbpmn i n  t h e  lower l e f t  
c o r n e r  o f  t h e  d i s p l a y .  This f i e l d  r e p r e s e n t s  h e a r t  r a t e  i n  b e a t s  per  
rnlnute, where DDD is  t h e  c u r r e n t  h e a r t  r a t e ,  averaged over  f o u r  h e a r t  
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CALIBRATION CHOICE 
The format  o f  t h i s  d i s p l a y  is VAL? YES=EXECw. Pushing t h e  
EXEC bu t ton  causes  a  c a l i b r a t i o n  sequence t o  begin. Pushing t h e  MODE 
but ton  swi tches  t o  t h e  n e x t  mode wi thout  a  c a l i b r a t i o n  sequence. The 
I N C  and DEC bu t tons  are ignored.  The h e a r t  rate d i s p l a y  a l s o  appears  
w i t h  t h i s  d i sp l ay .  
A c a l i b r a t i o n  sequence c o n s i s t s  of two o p e r a t i o n s  conducted i n  
p a r a l l e l .  A c a l i b r a t i o n  t iming  pu l se  is s e n t  t o  t h e  EUI, a long  wi th  a  
l i n e  which is h e l d  h igh  du r ing  t h e  e n t i r e  c a l i b r a t i o n  per iod .  The duty 
cyc l e  and frequency o f  t h e  c a l i b r a t i o n  pu l se  are preprogrammed 
parameters  f o r  t h e  p a r t i c u l a r  experiment.  
The primary cu f f  p r e s s u r e  t r ansduce r  i n  t h e  s u b j e c t  ha rnes s  is  
c a l i b r a t e d  a g a i n s t  t h e  r e f e r e n c e  t r ansduce r  du r ing  t h e  c a l i b r a t i o n  
sequence. This is  neces sa ry  because t h e  primary t r a n s d u c e r  cannot  be 
p re -ca l ib r a t ed  e x a c t l y .  Such c a l i b r a t i o n  is dependent on t h e  
i n t e r connec t ion  w i t h  a p a r t i c u l a r  s u b j e c t  harness .  
During t h i s  c a l i b r a t i o n  t h e  c u f f  is i n f l a t e d  t o  a  p l a t e a u  near  
t h e  upper end o f  normal o p e r a t i n g  range (around 200 mmHg).  After  a  
few seconds it is d e f l a t e d  t o  a p l a t e a u  nea r  t h e  lower end o f  normal 
o p e r a t i n g  range (around 50 mmHg). After a  f e w  seconds it is d e f l a t e d  
and t h e  numbers acqu i r ed  through t h e  Analog-to-Digital  c o n v e r t e r s  a r e  
used i n  c a l c u l a t i n g  t h e  a p p r o p r i a t e  s c a l e  f a c t o r  and o f f s e t .  
Pushing e i t h e r  t h e  MODE o r  t h e  EXEC bu t ton  w i l l  cause  t h e  
c a l i b r a t i o n  sequence t o  s top .  If t h e  blood p r e s s u r e  c a l i b r a t i o n  is i n  
process  wi th  t h e  c u f f  s t i l l  i n f l a t e d  when t h e  EXEC bu t ton  is pushed, t h e  
c u f l  c a l i b r a t i o r l  r ~ i l l  be aborted iind t h e  cuf: imnedia te ly  d e f l a t e d s  
CALIBRATION 
The format o f  t h i s  d i s p l a y  is "CAL... P=DDDD / R=DDDDw. The 
CAL... f i e l d  on t h e  t o p  l i n e  i n d i c a t e s  t h a t  c a l i b r a t i o n s  are being 
performed. The P=DDDD f i e l d  r e p r e s e n t s  t h e  va lue  read  from t h e  
Analog-to-Digital  c o n v e r t e r  i n  t h e  Data Processor  f o r  t h e  primary c u f f  
p r e s s u r e  t r ansduce r .  The R=DDDD f i e l d  r e p r e s e n t s  t h e  va lue  read  f o r  
t h e  r e f e r ence  t r ansduce r .  The h e a r t  r a t e  d i s p l a y  a l s o  appea r s  i n  t h e  
lower l e f t  co rne r .  
The P and R d i s p l a y s  a r e  p r imar i l y  o f  d i a g n o s t i c  v a l u e ,  a s  an  
i n d i c a t i o n  t h a t  t h e  t r a n s d u c e r s  are c o r r e c t l y  s e t  up. The va lue  f o r  
t h e  r e f e r e n c e  t r a n s d u c e r  r e p r e s e n t s  mmHg times 4 dur ing  each o f  t h e  
two p l a t e a u s  o f  t h e  c a l i b r a t i o n  cyc l e .  The cor responding  primary 
t r ansduce r  va lues  should be no more than  twice nor  less than  h a l f  o f  
t h e  r e f e r e n c e  t r a n s d u c e r  va lues .  
BLOOD PRESSURE DEFLATION 
"PRES=DDDW appea r s  i n  t h e  bottom r i g h t  c o r n e r  o f  t h e  d i s p l a y  
and yep re sen t s  t h e  cuf f  p r e s s u r e  a t  each s t e p  du r ing  a  blood p re s su re  
d e f l a t i o n .  Heart  rate is d i sp l ayed  i n  t h e  bottom l e f t  co rne r .  The 
p re s su re  d i s p l a y  is p r i m a r i l y  f o r  d i a g n o s t i c  purposes ,  t o  v e r i f y  t h a t  
- t h e  cu f f  is d e f l a t i n g  proper ly .  Also, i f  t h e  headphone a m p l i f i e r  o r  
a3 independent sou rce  of aud ib l e  Korotkov sounds is  used,  it can be 
used t o  judge t h e  accuracy  of  t h e  f i n a l  blood p r e s s u r e  va lue .  
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This d i s p l a y  appea r s  a t  t h e  conc lus ion  o f  a s u c c e s s f u l  blood 
p r e s s u r e  measurement i n  t h e  lower r i g h t  corner .  DDD/DDD r e p r e s e n t s  
s y s t o l i c / d i a s t o l i c  blood p r e s s u r e s ,  and h e a r t  r a t e  is s t i l l  d isp layed .  
BLOOD PRESSURE ABORTED 
The format of  t h i s  d i s p l a y  is "ABORTED / AAAAAAAn on t h e  r i g h t  
s i d e  o f  t h e  d i s p l a y .  It occu r s  i n s t e a d  o f  t h e  blood p r e s s u r e  d i s p l a y  
if a blood p r e s s u r e  measurement has  been abor ted .  The AAAAAAA f i e l d  
g i v e s  t h e  reason  f o r  the a b o r t .  Reasons may inc lude  t h e  fol lowing:  
NO ECG - t h e  ECG s i g n a l  h a s  been l o s t ,  and t h e  c u f f  c a n ' t  be 
d e f l a t e d  c o r r e c t l y  wi thout  it. 
OP/OT - t h e  BPM hardware has  de t ec t ed  an  ove rp re s su re  o r  an  
over t ime cond i t i on .  
XNFL OT - t o o  nuch time was taken  du r ing  c u f f  i n f l a t i o n ,  p ~ s s i b l y  
because a va lve  is s t u c k  open o r  t h e r e  is n o t  enough power 
t o  c o r r e c t l y  ope ra t e  t h e  pump. 
I NO REF - t h e  r e f e r e n c e  vo l t age  f o r  one o r  both o f  t h e  cuff  
p r e s s u r e  t r ansduce r s  h a s  been l o s t ,  making it imposs ib le  
f o r  t h e  Data Processor  t o  read  t h e  t r ansduce r  ou tpu t .  
MANUAL - t h e  o p e r a t o r  reques ted  an  a b o r t  by pushing t h e  EXEC 
but ton .  
I 
I BLOOD PRESSI,T(E ERROR 
This d i s p l a y  h a s  t h e  format "ERROR xu. It appea r s  i n  p l a c e  of  
t h e  blood p r e s s u r e  d i s p l a y  af ter  a d e f l a t i o n  when i t  is imposs ib le  t o  
determine t h e  blood p r e s s u r e  from t h e  d a t a  c o l l e c t e d .  The p o s s i b l e  
e r r o r s  are l i s t e d  below: 
ERROR 1 - t o o  few Korotkov sounds were d e t e c t e d  
ERROR 2 - t h e  p u l s e  p r e s s u r e  ( s y s t o l i c  minus d i a s t o l i c )  was 
below t h e  minimum va lue  
ERROR 3 - t h e  RK s l o p e  was nega t ive  ( imposs ib le  w i th  good d a t a )  
ERROR 4 - enough Korotkov sounds were d e t e c t e d ,  but  t o o  many 
were n o t  accep tab l e  
ERROR 5 - bad c u f f  p r e s s u r e  d a t a  du r ing  tes t  mode (SUBJ=TEST) 
ERROR 6 - bad RK i n t e r v a l s  dur ing  test  mode (SUBJ=TEST) 
SR:  OA F O R M  4501 5 8.' 
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1 
CONTINUOUS OR AUTOMATIC BLEED SELECTION 
If the  MODE button is pushed while i n  the  execute mode (mode 
0 )  t h e  use r  is allowed t o  choose between t h e  two poss ib le  d e f l a t i o n  
options:  automatic o r  continuous bleed. Sect ion 3.1.2.4.4 expla ins  
t h e  d i f fe rence  between these  two options.  The cur ren t  option chosen 
is indica ted  during execute mode by an "Aw ( f o r  automatic) o r  a "Cn 
( f o r  continuous) on the  upper r i g h t  s i d e  of  t h e  d isplay .  
When t h e  bleed s e l e c t i o n  mode is entered  e i t h e r  "CONT. BLEED? 
/ YES=EXECn ( i f  the  cu r ren t  option is automatic)  o r  "AUTO BLEED? / 
YES=MECtl ( i f  the  cu r ren t  option is continuous) is displayed. Pushing 
t h e  EXEC button switches t h e  option and r e t u r n s  t h e  mode t o  execute. 
Pushing t h e  MODE button changes back t o  Mode 0. 
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3.7.2.4.2 On-Off Switch 
The On-Off swi tch  on t h e  Connector End P l a t e  is used t o  t u r n  
t h e  b a t t e r y  power on o r  o f f .  It is n o t  used t o  t u r n  on power t o  t h e  
PES when t h e  PMS is connected t o  r ack  power. A swi tch  on t h e  r ack  
i n t e r f a c e  pane l  should be used t o  t u r n  t h e  PMS on i n  t h i s  case.  When 
t h e  PMS is connected t o  rack  power, t h e  On-Off swi tch  always should be 
i n  t h e  Off p o s i t i o n ,  t o  conserve b a t t e r y  power. 
3.1 .2.4.3 Headphone Jack 
The headphone jack was inc luded  t o  enab le  t h e  u s e r  t o  h e a r  t h e  
Korotkov sound s i g n a l  genera ted  by t h e  microphone. However, t h e  
headphone a m p l i f i e r  is no t  o p e r a t i v e  a t  t h i s  time. 
3.1,2.4.4 Manual Valve i n  Subjec t  Harness 
The PMS is capab le  of enab l ing  a  manual va lve  i n  t h e  Subjec t  
Harness j n s t ead  o f  t h e  so lenoid  b l sed  va lve  i n  t h e  PMS pneumatic 
c i r c u i t r y .  The PMS normally c o n t r o l s  t h e  r a t e  of cu f f  d e f l a t i o n  by 
t u r n i n g  t h e  b leed  va lve  on and o f f  once p e r  h e a r t  bea t .  This is t h e  
"automatic b l eedn  opt ion .  A l t e r n a t i v e l y ,  t h e  u s e r  may choose t h e  
ncont inuous b l eedn  op t ion .  This enab le s  t h e  u s e r  t o  c o n t r o l  t h e  cuff  
d e f l a t i o n  rate manually i n s t e a d  o f  having t h e  PMS do it au toma t i ca l l y .  
Then when a  blood p r e s s u r e  measurement is t aken ,  t h e  c u f f  s t i l l  w i l l  
be i n f l a t e d  au toma t i ca l l y .  After t h e  i n f l a t i o n  t h e  bleed va lve  w i l l  
be he ld  c lo sed  and ano the r  so lenoid  va lve  w i l l  be opened which a l l ows  
t h e  d e f l a t i o n  t o  be c o n t r o l l e d  by t h e  manual va lve  i n  t h e  h a r n e s s o  
3 1.3.4.5 Alarm % ? a b i l i t y  
A s  c u r r e n t l y  programmed, t h e  PMS h a s  no a la rm c a p a b i l i t y .  
Visual  a la rms  would be easy t o  implement, however, u s ing  t h e  RCDU t o  
produce v a r i o u s  e f f e c t s .  For i n s t a n c e ,  a b l i n k i n g  c u r s o r  o r  a 
b l i n k i n g  p o r t i o n  o f  t h e  d i s p l a y  may be used. Programs may be w r i t t e n  
t o  d e t e c t  a la rm c o n d i t i o n s  such a s  a  s i g n a l  exceeding l i m i t s ,  and a  
v i s u a l  a la rm may be caused. Alarm in fo rma t ion  may be passed over  t h e  
d i g i t a l  l i n k  from t h e  EUI, which may cause a v i s u a l  a larm d i sp l ay .  
Conversely,  a l a rm informat ion  may be genera ted  and passed over  t h e  
d i g i t a l  l i n k  t o  t h e  EUI. 
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3.1.3 Major Component L i s t  
The major components are l i s t e d  i n  t ree form i n  t h e  PMS 
drawing trees. Refer t o  PMSF-20-0000-DT, PMSF-CD-0000-DT, and 
PMSF-DC-0000-DT. 
3.1.4 Customer Furnished Proper ty  L i s t  
Government Furnished Equipment b u i l t  i n t o  t h e  PMS inc ludes  t h e  
ECG a m p l i f i e r s  and a l l  t h e  bulkhead connec tors ,  a l l  w i r e ,  t h e  Velcro 
on t h e  R C D U t s ,  and t h e  Goretex f o r  t h e  b a t t e r y  pouch. 
In a d d i t i o n ,  NASA b u i l t  t h e  s u b j e c t  harness  and a l l  t h e  
e x t e r n a l  c a b l e s  (except  f o r  t h e  c a b l e  from t h e  DCU t o  t h e  RCDU) . 
3.2 C h a r a c t e r i s t i c s  
3.2.1 Performance 
See End Item S p e c i f i c a t i o n .  
3.2.2 Phys i ca l  
The DCU measures 6.5" x 10.15n x 3-13" and weighs 2.7 kg. 
The RCDU measures 3.5" x 2.0" x 1-0" and weighs 126 g o  
The b a t t e r y  pack measures 1.47" x 3.75" x 3.90" and weighs 302 g 
unloaded. Zinc-air  b a t t e r y  c e l l s  g a i n  weight as they  are exposed t o  
a i r ,  s o  a p r e c i s e  weight cannot  be g iven ,  A loaded b a t t e r y  pack 
weighs around 800 g. 
3.3 Design and Cons t ruc t ion  
A l l  d e s ign  and c o n s t r u c t i o n  was t o  JSC 8080 s tandards .  The 
workmanship was performed accord ing  t o  ~~B5300 .4 (3A- l ) .  
3.4 Major Component C h a r a c t e r i s t i c s  
3.4.1 DCU Package 
The DCU Package is cons t ruc t ed  of aluminum i n  a c lamshel l  
f a sh ion .  The b a t t e r y  cover  s i d e  is  he ld  on wi th  t h r e e  qua r t e r - t u rn  
f a s t e n e r s  and is e a s i l y  removeable wi thout  t h e  use o f  t o o l s ,  t o  
provide f o r  ea sy  i n s t a l l a t i o n  of a b a t t e r y  pack. The ca rd  cover  s i d e  
has an  end p l a t e  a t  each end, which is a t t a c h e d  by screws. The end 
p l a t e s  c o n t a i n  a l l  t h e  bulkhead connec tors .  The card  cover  may be 
e a s i l y  removed f o r  t r o u b l e  shoo t ing  by removing t h e  screws secu r ing  i t  
t o  t h e  c h a s s i s .  The c h a s s i s ,  b a t t e r y  pack, and a s s o c i a t e d  pneumatics 
and wir ing  f i t  i n s i d e  t h e  package. 
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3.2.2 DCU Chassis 
3.4.2.1 Processor Board 
The following is a desc r ip t ion  of  t h e  functions of  t h e  
Processor Board. Refer t o  t h e  schematic diagrams i n  drawing 
EPiSF-DC-PROO-SC f o r  c i r c u i t  d e t a i l s .  Figure 3.4.2.1-1 is a p i c t u r e  
o f  t h e  board. 
Figure 3.4.2.1-1 Processor Board 
The Processor Board conta ins  two microcomputer systems: the  
Control Processor and the  Data Processor. The Control Processor 
c o n t r o l s  the  order  and execution of experiments and the  flow of  da ta  
i n t o ,  ou t  o f ,  and within t h e  PMS. The Data Processor is dedicated t o  
performing preprogrammed computations under t h e  con t ro l  of  the  Control 
Processor. For SLS-1, the  Data Processor is dedicated t o  the  
computation of h e a r t  r a t e  and blood pressure  and is responsib le  f o r  
the  i n f l a t i o n  and d e f l a t i o n  of  the  blood pressure cu f f .  The two 
systems comunica te  with each o the r  over a f u l l  duplex, asynchronous 
s e r i a l  da ta  l ink .  The Control Processor comprises t h e  c i r c u i t r y  
l a r g e l y  t o  t h e  r i g h t  of  the  cen te r  of  the  board; t h e  Data Processor 
c i r c u i t r y  is t o  t h e  l e f t .  Because o f  the  d i g i t a l  na ture  of  t h e  
c i r c u i t r y ,  t h e r e  a r e  no adjustments t h a t  a r e  required f o r  proper 
c i r c u i t  operat ion.  
The systems a r e  s i m i l a r  t o  each o the r  i n  t h e i r  a r c h i t e c t u r e .  
a r e  cons t ructed  from CMOS components and d i f f e r ,  pr imar i ly ,  i n  
the  number and type o f  per iphera l  c i r c u i t s .  Each 8-bi t  CPU is a 
National Semiconductor NSC800-4 opera t ing  with a c r y s t a l  o s c i l l a t o r  
frequency of 4.9152 MHz y ie ld ing  an i n t e r n a l  T-state period of  406.9 
nanoseconds. A s i n g l e  r e g i s t e r  t o  accumulator add i n s t r u c t i o n  is  
executed i n  1.63 microseconds. The system implements a c l a s s i c a l  Von 
Neuman a r c h i t e c t u r e  w i t h  65,536 memory addresses and 256 1 /0  addresses 
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Each processor  may be s e n t  i n t o  a Power Save mode t o  reduce 
power d i s s i p a t i o n  du r ing  p e r i o d s  when computat ional  a c t i v i t y  is n o t  
r equ i r ed .  When i n  t h i s  mode, t h e  i n t e r n a l  c lock  o f  t h e  CPU is 
s topped ,  suspending CPU o p e r a t i o n  and h a l t i n g  acces se s  t o  o t h e r  system 
components. The o s c i l l a t o r  con t inues  t o  run t o  provide a s i g n a l  
sou rce  f o r  communications and t iming  p e r i p h e r a l s  which have t h e  
a b i l i t y  t o  cause t h e  processor  t o  e x i t  t h i s  mode. 
The Power Save mode is en te r ed  whenever a write o p e r a t i o n  is  
d i r e c t e d  t o  I / O  p o r t  70H, r e g a r d l e s s  o f  t h e  d a t a  va lue  w r i t t e n .  The 
mode w i l l  be e x i t e d  upon t h e  r e c e i p t  of any i n t e r r u p t  t h a t  is enabled 
by t h e  p roces so r ' s  i n t e r r u p t  c o n t r o l l e r  o r  by t h e  execut ion  o f  a 
system reset, a s  would occur  a t  power-on o r  by manual i n t e r v e n t i o n  
du r ing  board t e s t i n g .  
Each processor  d e r i v e s  its o p e r a t i n g  i n s t r u c t i o n s  from 
UV-erasable, programmable read-only memory (EPROM). Two Hi t ach i  
HN27C64G-25 EPROMs o f  8,192 b y t e s  each respond t o  memory a d d r e s s e s  
from 00003 t o  3fFFI3. Read/write memory is provided by an  I C I  
~ ~ - O ~ M ( E S )  hybr id  c i r c u i t  c o n s i s t i n g  o f  fou r  H i t ach i  6116 RAM c h i p s  
and a 74C138 decoder.  It is e l e c t r i c a l l y  and pin-compatible w i th  a 
Toshiba TC-5565 monolythic RAM. The r ead /wr i t e  memory is addres sab l e  
i n  t h e  range from 8 0 0 0 ~  t o  9FFFH. 
Because each processor  must perform a d i f f e r e n t  f u n c t i o n ,  t h e  
p e r i p h e r a l s  t h a t  complement each processor  vary  between systems.  The 
Con t ro l  Processor  has  f o u r  asynchronous communications c h i p s ,  a dua l  
times and a s e r i a l  o u t p u t  i n t e r f a c e  t o  t h e  CDTR. The Data Processor  
r e q u i r e s  on ly  a s i n g l e  serial communications i n t e r f a c e  and posses se s  a 
comt ined  t imer  and programmable 1 / 0  i n t ~ r f l c e  ct-ip. The i n d i v i  dua l  
f u n c t i o n s  o f  each p roces so r  w i l l  be addressed i n  t h e  fo l l owing  
s e c t i o n s .  
3.4.2.7.1 Control  Processor  
3.4.2.1.1.1 I n t e r r u p t s  
The R e s t a r t  and Non-Maskable I n t e r r u p t s  o f  t h e  NsC800 CPU a r e  
n o t  u t i l i z e d .  In s t ead ,  a H a r r i s  8 2 ~ 5 9 ~  Programmable I n t e r r u p t  
C o n t r o l l e r  ( P I c j  is u t i l i z e d  t o  mask and p r i o r i t i z e  t h e  e i g h t  
i n t e r r u p t  i n p u t  channels  of t h e  PIC. The ou tpu t  o f  t h e  PIC d r i v e s  t h e  
Multi-Mode I n t e r r u p t  (INTR*) i n p u t  o f  t h e  CPU. The CPU is programmed 
t o  o p e r a t e  i n  i ts  8080-compatible Mode 0 i n t e r r u p t  mode. The PIC 
r e t u r n s  a CALL i n s t r u c t i o n  t o  t h e  CPU when t h e  CPU acknowledges an  
i n t e r r u p t .  The CALL i n s t r u c t i o n  acts a s  a v e c t o r  t o  one o f  e i g h t  
i n t e r r u p t  s e r v i c e  r o u t i n e s .  A t a b l e  o f  i n t e r r u p t  sou rces  f o r  t h e  
Cont ro l  Processor  is g iven  below: 
I n t e r r u p t  Level I n t e r r u p t  Source 
--------------- ---------------- 
0 (Highes t )  A/D Conversion Complete 
1 Timer Event 
2 In t e rp roces so r  UART 
3 RS-232C I n t e r f a c e  UART 
4 CDTR Word Frame 
5 EUI UART 
6 RCDU UART 
- .-. L L  .-- a?--- 
SR I International 
Menlo Park, California 94025 
The addres se s  which are decoded by t h e  Control  Processor  t o  a c c e s s  i ts  
p e r i p h e r a l s  a r e  presen ted  i n  t h e  fo l lowing  t a b l e :  
I / O  ADDRESSES - Control  Processor  
................................. 
O O X X X A A  
O 1 X X X X A  
1 O O X X X A  
O l O l X X A A  
0 1  1 0 X X X X  
0 1  1 1 X X X X  
1 1 0 0 A A A R  
1 I O I X X A A  
1 1  1 O X X A A  
1 1  1 1 X X A A  
1 0 0 0 X 1 X 0  
EUI UART - Harris 8 2 ~ 5 2  
I n t e r r u p t  Con t ro l l e r  - H a r r i s  8 2 ~ 5 9 ~  
CDTR Data Reg i s t e r  - 10-b i t ,  L e f t - j u s t i f i e d  
A = 1 MSB 
A = 0 LSB 
Zeros a r e  ou tpu t  a f t e r  10 b i t s .  
Write-only 
Not used - write only  
Not used - w r i t e  on ly  
Power Save Mode Command - write only  
RCDM UART - Harris 82C52 
In t e rp roces so r  UART - n 
RS-232C I n t e r f a c e  UART 1' 
Contro l  Proc. Dual Timer - RCA ~ ~ ~ 1 8 7 8  
A/D Converter - NSC ADClOOl 
10-bi t ,  L e f t - j u s t i f i e d ,  0-5 Volt  
F i r s t  read : MSB 
Second read:  LSB w/zero fi:l 
Read-only device  
D / A  Converter - NSC DAC1232 
12-b i t ,  L e f t - j u s t i f i e d ,  0-5 Volt  
A = 1 MSB 
A = 0 LSB 
Write-only device  
Mul t ip lexor  Channel 
3 -b i t ,  R i g h t - j u s t i f i e d  
Data = XXXXXOOO = Channel 1 
= XXXXX 1 1 1 = Channe 1 8 
Write-only device  
Input  Of f se t  Conf igura t ion  
1 b i t  pe r  channel  
Lsb o f  Data Byte = Channel 1 
Msb o f  Data Byte = Channel 8 
Data b i t  = 0 s e t s  0-5 Volt  i n p u t  
Data b i t  = 1 sets +/- 2.5 Volt  input 
Write-only dev ice  
NSC800 I n t e r r u p t  Cont ro l  Reg i s t e r  
See CPU manual f o r  d e s c r i p t i o n  
A = Address b i t  
R = Read/Write* b i t  R must = 1 f o r  a read  o p e r a t i o n  
= 0 f o r  a write ope ra t i on  
X = Don't c a r e  b i t  
SR I International 
Menlo Park, California 94025 
3.4.2.1.2 Data Processor 
3.4.2.1.2.1 I n t e r r u p t s  
The Data Processor u t i l i z e s  t h e  same i n t e r r u p t  c i r c u i t r y  a s  described fo r  
t h e  Control processor. A t a b l e  of i n t e r r u p t  sources f o r  the  Data Processor 
i s  given below: 











A/D Conversion Complete 
NSC810 Timer 1 Event 




Over Pressure/Over Time Alarm 
NSC810 Timer 0 Event 
SRI  International 
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3.4.2.1.2.2 1 / 0  Addresses 
The add re s se s  which are decoded by t h e  Data Processor  t o  acces s  i t s  
p e r i p h e r a l s  a r e  presen ted  i n  t h e  fo l lowing  t a b l e :  
1 / 0  ADDRESSES - Data Processor  
O O O A A A A A  
O O l X X X X A  
0 1 0 X X X X X  
0 1  1 O X X X X  
0 1  1 1 X X X X  
1 1 X X X X A A  
1 0 0 0 X 1 X 0  
I/O Por t s  & Timer - ~ S C 8 1 0  
I n t e r r u p t  C o n t r o l l e r  - Harris 8 2 ~ 5 9 ~  
Not used - write only  
Not used - write only  
Power Save Mode Command - write only  
I n t e r p r o c e s s o r  UART - H a r r i s  8 2 ~ 5 2  
A/D Converter - NSC ADC1001 
10-b i t ,  L e f t - j u s t i f i e d ,  0-5 Volt 
F i r s t  read : MSB 
Second read:  LSB w/zero f i l l  
Read-only device  
D / A  Converter - NSC DAC1232 
12-b i t ,  L e f t - j u s t i f i e d ,  0-5 Volt  
A = 1 MSB 
A = 0 LSB 
Wri te-only dev ice  
Mul t ip lexor  Channel 
3 -b i t ,  R i g h t - j u s t i f i e d  
Data = XXXXXOOO = Channel 1 
= XXXXX 1 1 1 = Channel 8 
Wri te-only dev ice  
Input  Off set  Conf igura t ion  
1 b i t  per  channel  
Lsb o f  Data Byte = Channel 1 
Msb o f  Data Byte = Channel 8 
Data b i t  = 0 s e t s  0-5 Volt  i n p u t  
Data b i t  = 1 s e t s  +/- 2.5 Volt  input 
Write-only device  
NSC800 I n t e r r u p t  Cont ro l  Reg i s t e r  
See manual f o r  d e s c r i p t i o n  
A = Address b i t  
X = Don't c a r e  b i t  
I I FSCM NO. 03652 
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-- -- -- - 
3.4.2.1.2.3 I n t e r f a c e  and Timer C i r c u i t  
A Nat ional  Semiconductor NSC810 RAM-I/O-Timer c i r c u i t  is used 
t o  provide a n  i n t e r f a c e  t o  t h e  misce l laneous  l o g i c  c i r c u i t s  o f  t h e  
system compris ing t h e  Data Processor  and t o  provide t iming  f o r  even t  
schedul ing  and measurement. Two 8-b i t  and one 6-b i t  programmable I / O  
p o r t s  a r e  inc luded .  The func t ions  t h a t  are c o n t r o l l e d  o r  represen ted  
by each p o r t  are desc r ibed  i n  t h e  fo l lowing  t a b l e :  







P B ~  - 
PB7 - 
Motor On Command I "1" = on o r  c l o s e  
Pa in  Bleed Valve Command I "0" = o f f  o r  open 
A u x i l l i a r y  Bleed Valve Command I "0" = o f f  o r  cl.osed 
BPM S t robe  - P o s i t i v e  pu l se  resets OP/OT l o g i c  
Should be pu lsed  every time motor is turned  on 
K-Sound Gain (LSB) PA5 PA4 Re la t i ve  Gain 
K-Sound Gain (MSB) --- --- - - - - - - - - b e - - - -  
Not used (Pul lup  r e s i s t o r )  0  0  '4 
Not w e d  ( P ~ l l u p  r e s i s t o r ?  0  1  ' 3 
1  0  -2 
1  1  - 1 
Not used (Pul lup  r e s i s t o r )  
Not used (Pul lup  r e s i s t o r )  
Over-Pressure/bver-Time S igna l  " I n  = OP/OT 
Reference Loss S igna l  "1" = LOSS 
Timer Gat ing S igna l  - Connected t o  PC3 
Not used (Program a s  an  o u t p u t )  
\ Contro l  o f  Converter Timing PB7 PB6 
t 
I --- --- 
0 0  800 Hz 
0  1  1200 Hz 
1 0 2400 Hz 
1 1  1760 Hz 
PC0 - Not used (Program a s  an  o u t p u t )  
PC1 - Not used (Pul lup  r e s i s t o r )  
PC2 - Not used (Pul lup  r e s i s t o r )  
PC3 - Timer Gate Input  from PB4 
PC4 - Input  c lock  t o  Timer 1  ( s e e  PB6 h Fa71 
PC5 - Output o f  Timer 1 t o  I n t e r r u p t  C o n t r o l l e r  
Note : 
Any p o r t s  l a b e l e d  "pul lup r e s i s t o r w  may be programmed a s  
e i t h e r  a n  i n p u t  o r  an  ou tput .  The i n p u t  c o n d i t i o n  is 
s l i g h t l y  p r e f e r r e d .  I f  programmed a s  an  o u t p u t ,  a  l o g i c  1 
s t a t e  w i l l  cause  t h e  l e a s t  c u r r e n t  t o  be drawn from t h e  
f power supply.  
Any p o r t  l a b e l e d  "program a s  a n  o u t p u t w  should be set  t o  t h e  
ou tpu t  mode a s  qu i ck ly  a s  p o s s i b l e  a f t e r  a  system reset t o  
I 
I prevent  exces s  c u r r e n t  d r a i n  i n  t h e  dev ice  due t o  a  f l o a t i n g  i n p u t .  It may be programmed e i t h e r  h igh  o r  low. 
I I FSCM NO. 03652 
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3.4.2.1.3 Processor Fmulation 
Troubleshooting of  a Processor is usua l ly  done through 
emulation of t h e  CPU element. The CPU is removed from i ts  socket and 
a s p e c i a l  emulator pod is inse r t ed  i n  its place. With t h i s  emulator,  
i n t e r n a l  CPU s t a t e s  can be observed, program breakpoints  can be 
~ n s e r t e d ,  and programs can be run i n  memory i n  the  emulator r a t h e r  
than on the  board. Since t h e  Processor Board is constructed with 
su r face  mount technology t o  achieve a small s i z e ,  t h e  CPU of each of  
t h e  Control and Data Processors is physica l ly  soldered t o  the  board 
and its removal is  impract ica l .  To overcome t h i s  shortcoming, s p e c i a l  
l o g i c  and an emulator connector a r e  provided i n  each Processor system. 
When emulation is des i red ,  an adapter  c i r c u i t  is plugged i n t o  the  
emulator connector of the  appropr ia te  processor. The CPU emulation 
pod is plugged i n t o  t h e  adapter .  By plac ing t h e  on-board CPU i n t o  a 
bus reques t  mode, we a r e  a b l e  t o  make it i n v i s i b l e  i n  the  c i r c u i t  and 
t h e  emulator pod becomes t h e  apparent CPU f o r  the  system. The 
schematic diagram of a s u i t a b l e  adapter  c i r c u i t  is given i n  Figure 
3.4.2.1-2. The s igr .a ls  on the  emulator connectors a r e  given i n  the  
following t a b l e :  
Control Processor Emulator Connector (3302) 










































+5 Volts  



































C B A D ~  
CBAD6 
c B A ~  
CBA 1 0 
CBA 12 
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3.4.2.2 Analog Board 
Refer t o  t h e  schematic  diagrams on drawing PMSF-DC-ANOO-SC f o r  
c i r c u i t  d e t a i l s  on t h e  Analog board. A p i c t u r e  o f  t h e  board is  i n  
F igure  3.4.2.2-1. 
ORBGlNAL PAGE :S 
Figure 3.4.2.2-9 Analog Board 
3.4.2.2.1 Desc r ip t i on  
The Analog board c o n t a i n s  s i g n a l  p rocess ing  c i r c u i t r y  f o r  t h e  
c o n t r o l  and d a t a  p roces so r s ,  t h e  I n t e r f a c e  Rack, and t h e  CDTR. The 
c o n t r o l  s e c t i o n  c o n t a i n s  programmable-offset i npu t  b u f f e r s  f o r  e i g h t  
channe l s  which can accommodate 0  t o  +5v o r  -2.5 t o  +2.5v i n p u t  s i g n a l s  
and produce 0 t o  +5V o u t p u t  s i g n a l s ,  an  e i g h t  channel  mu l t i p l exo r  and 
10-bi t  A-D c o n v e r t e r ,  a  10-bi t  D-A c o n v e r t e r ,  and ou tpu t  i n t e r f a c e  
b u f f e r s .  The d a t a  s e c t i o n  c o n t a i n s  programmable-offset b u f f e r s  f o r  
two channels ,  and an e i g h t  channel  mu l t i p l exo r  ( t h e  first s i x  i n p u t s  
a r e  connected t o  t h e  o u t p u t s  o f  t h e  first s i x  c o n t r o l  s e c t i o n  i n p u t  
b u f f e r s )  and A-D conve r t e r .  
3.4.2.2.2 C a l i b r a t i o n  Adjustments 
I There a r e  s i x  c a l i b r a t i o n  ad jus tment  po t s  on t h e  Analog board 1 (930 is no t  used) .  These a r e  se t  as fo l lows:  
1. Adjust R2 f o r  +2.500V @ U4-9. 
2. Adjust R18 f o r  -5.000V @ ~ 2 1 - 8 .  
3. With 0 i n p u t  t o  t h e  DAC, U21, a d j u s t  R9 f o r  O.OOV @ U16-6. 
4. Adjust R21 f o r  +2.500V @ U78-4. 
5. Adjust R38 f o r  +2.500V @ U29-4. 
6. Ad j u s t  R46 f o r  +2.500V @ U35-9. 
SRI  QA FOSlin 6507 5/82 
SR I International 
Menlo Park, California 94025 
3.4.2.3 Basic  Parameters Boards 
Refer t o  t h e  schematic  diagrams i n  drawings PMSF-DC-BPO1-SC, 
PMSF-DC-BP02-SC, and PMSF-DC-BP03-SC f o r  c i r c u i t  d e t a i l s  on t h e  Basie 
Parameters  boards.  F igure  3.4.2.3-1 is  a p i c t u r e  of  t h e  BPOl board 
w i t h  t h e  BP03 board piggybacked on t o p  o f  it. Figure 3.4.2.3-2 is a 
p i c t u r e  o f  t h e  BP02 board. 
F i g w e  3.4.2.3-1 
BPOl h BP03 Boards 
Figure 3-4.2.3-2 
BP02 Board 
3.4.2.3.1 Descr ip t ion  
There a r e  t h r e e  b a s i c  parameters  boards,  BPO1, BP02, and BP03, 
%PO1 c o n t a i n s  c i r c u i t r y  f o r  ampl i fy ing  t h e  o u t p u t s  o f  t h e  primary cuf f  and 
r e f e r e n c e  p re s su re  t r a n s d u c e r s ,  s ens ing  cuff  i n f l a t i o n  overpressure  and 
over t ime,  d r i v i n g  t h e  i n f l a t i o n  pump motor and b leed  va lve ,  and gene ra t i ng  
t h e  hold s i g n a l  f o r  t h e  n o i s e  g a t e  sample/hold on BP02. BP03 is mounted 
on BPOl and cor,t.ains t h e  a u x i l i , ~ * y  bleed valvf: d r i v e  circuitr: : .  
BPO1 c o n t a i n s  c i r c u i t r y  f o r  p roces s ing  t h e  ECG s i g n a l s  from t h e  harness  
e l e c t r o d e s  and t h e  K-sound s i g n a l s  from t h e  cu f f  microphone. In  a d d i t i o n  
t o  a m p l i f i e r s  and f i l t e r s  f o r  t h e  s i g n a l  i t s e l f ,  t h e  ECG channel  a l s o  
i n c l u d e s  c i r c u i t r y  f o r  de te rmin ing  t h e  time o f  occur rence  o f  t h e  R-wave 
peak. The K-sound channel  a l s o  i n c l u d e s  a programmable g a i n  a m p l i f i e r ,  
c i r c u i t r y  t o  determine t h e  time o f  occur rence  o f  each sound, and a s o f t  
l imiter t o  p re se rve  s i g n a l  ampli tude v a r i a t i o n s  whi le  p reven t ing  ove rd r iv ing  
o f  fo l lowing  c i r c u i t r y  on t h e  ana log  board. 
3.4.2.3.2 C a l i b r a t i o n  ad jus tmen t s  
A number of c a l i b r a t i o n  adjustment  po t s  are loca t ed  on t h e  b a s i c  
parameter  boards.  These a r e :  
BPO1- 2 p o t s  f o r  t h e  primary c u f f  p r e s su re  t r ansduce r  a m p l i f i e r .  
2 p o t s  f o r  t h e  r e f e r e n c e  p re s su re  t r ansduce r  a m p l i f i e r ,  
1 po t  f o r  t h e  n o i s e  g a t e  hold time. 
BP02- 2 p o t s  f o r  t h e  K-sound peak d e t e c t o r .  
SRI International 
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The fo l lowing  procedures  a r e  used t o  set t h e s e  pots .  
Transducer C a l i b r a t i o n  - BPOl 
1. Set up t h e  PMS f o r  ope ra t ion  on t h e  bench, wi th  t h e  harness  
connected and a n  i n f l a t i o n  bulb and d i g i t a l  p re s su re  gauge 
plumbed i n t o  t h e  a i r  l i n e  t o  t h e  cu f f .  Remove t h e  PMS cover  
oppos i t e  t h e  b a t t e r y  box and remove t h e  BP02 board. 
The t r ansduce r  a m p l i f i e r s  a r e  each c a l i b r a t e d  a t  two p o i n t s  
on a  s t r a i g h t - l i n e  volts/mmHg t r a n s f e r  curve. The p o i n t s  a r e :  
- 
Reference Cuf f 
Adj. Adj. 
+5.000V @ 2551~m - R93 +2.850V @ 255111m - R77 
+0.784V @ 4Omm - ~ 8 8  +O. 8 0 0 ~  @ 50mm - R71 
Voltmeter 
connected t o  5503-9 3503- 13 
The procedure is t o  connect  a d i g i t a l  vo l tme te r  between t h e  
s p e c i f i e d  connector  p i n  and Gnd. and then  manually i n f l a t e  t h e  
cu f f  t o  t h e  h igh  p re s su re  va lue  and a d j u s t  t h e  s p e c i f i e d  pot  
f o r  t h e  corresponding vo l t age  reading.  The c u f f  is  then 
d e f l a t e d  t o  t h e  low p res su re  va lue  and t h e  second adjustment  
made. The procedure is  then  repea ted  u n t i l  both vo l t age  
readings  a r e  c o r r e c t .  
Hold Time Adjustment - BPOl 
1. The b e s t  way t o  make t h i s  adjustment  is t o  t r i g g e r  U7-4 
wi th  an HP10526T Logic l u l s e r  o r  equ iva l en t  and,  d h i l e  
monitor ing U7-6 with a  scope,  a d j u s t  R46 f o r  a  one-shot 
pu lse  l e n g t h  of  80 m s .  
K-sound Peak Detec tor  Ca l ib ra t ion  - BP02 
1. R e i n s t a l l  t h e  BP02 board and remove t h e  harness .  Monitor 
t h e  s i g n a l  a t  U6-7. It should be a  c l e a n  +2.5V DC. 
2. Measure t h e  vo l t age  a t  U15-3 wi th  a  d i g i t a l  vo l tmeter  
and a d j u s t  R41 f o r  +2.680V. 
3. Measure t h e  vo l t age  a t  U15-6 and a d j u s t  R110 f o r  +2.320V. 
These v o l t a g e s  a r e  +2.5V +/- 0.18V. If t h e  vo l t age  a t  U6-7 
is n o t  e x a c t l y  +2.500V, add o r  s u b t r a c t  t h e  d i f f e r e n c e  to/from 
t h e  v o l t a g e s  g iven  i n  s t e p s  2  and 3. 
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3.4.2.4 Power Supply Board 
Refer t o  schematic  diagrams i n  drawing PMSF-DC-PSOO-SC f o r  
c i r c u i t  d e t a i l s  on t h e  Power Supply board. Figure 3.4.2.4-1 is  a 
p i c t u r e  o f  t h e  board. 
F igure  3.4.2.4-1 Power Supply Board 
3.4.2.4.1 Desc r ip t i on  
The power supply  board accep t s  power from two power source  
i n p u t s ,  28V rack  power and i n t e r n a l  b a t t e r y  pack power, and gene ra t e s  
t h e  +5V, +/- 7V, and +/-unregulated vo l t age  r equ i r ed  f o r  ope ra t i on  of  
t h e  PMS c i r c u i t r y .  When r a c k  power is  connected t o  t h e  PMS, t h e  
system always runs ,  i.e., t h e r e  is no ON-OFF swi tch .  The 28V d r i v e s  a 
h igh -e f f i c i ency  DC-DC c o n v e r t e r  t h a t  gene ra t e s  an i s o l a t e d  o u t p u t  of 
+/- 12V nominal. In t h e  PMS system t h i s  ou tpu t  is c a l l e d  +/- UNREG. 
The + UNREG d r i v e s  t h e  +5V and +7V r e g u l a t o r s ,  t h e  - UNREG d r i v e s  t h e  
-7V r e g u l a t o r .  Both UNREG v o l t a g e s  power t h e  motor and va lve  d r i v e  
c i r c u i t s  on tho  BP01 and BP03 b a s l c  parameters  boards,  and t h e  RS-232 
d r i v e r s  on t h e  PRO0 p roces so r  board, and a r e  a l s o  connected t o  t h e  EbI  
connec tor  f o r  e x t e r n a l  use.  
When r ack  power is d isconnec ted ,  t h e  t h r e e  power swi tch ing  
r e l a y s  opera ted  by t h e  2 8 ~  rack  power are deenergized.  Contacts  i n  
t h e s e  r e l a y s  d i s connec t  t h e  +/- UNREG l i n e s  from t h e  DC-DC conve r t e r  
and connect  t h e  b a t t e r y  pack i n p u t  l i n e s  t o  t h e  b a t t e r y  ON-OFF switch.  
If t h i s  swi tch  i s  se t  t o  ON, t h e  +/- b a t t e r y  i n p u t  v o l t a g e s  a r e  
connected t o  t h e  +/- UNREG l i n e s .  Diodes a r e  used i n  s e r i e s  wi th  t h e  
b a t t e r y  l i n e s  t o  prevent  t h e  conve r t e r  ou tpu t  v o l t a g e s  from being 
a p p l i e d  t o  t h e  b a t t e r y  i n  t h e  event  t h a t  t h e  b a t t e r y  l i n e  c o n t a c t s  
should s t i c k  c lo sed  wi th  t h e  swi tch  ON and r ack  power app l i ed .  The 
28V rack  power and b a t t e r y  pack inpu t  l i n e s  a r e  a l s o  p ro t ec t ed  by 
fu se s .  One pole  o f  t h e  b a t t e r y  swi tch  and one r e l a y  c o n t a c t  are 
connected i n  p a r a l l e l  and a r e  used f o r  ope ra t i on  o f  t h e  CDTR. 
3.4.2.4.2 C a l i b r a t i o n  Adjustments 
Two c a l i b r a t i o n  ad jus tment  p o t s  a r e  l oca t ed  on t h e  power supply 
board. R7 is a d j u s t e d  f o r  +7.00V a t  5102-15, and R2 is ad jus t ed  f o r  
-7.00V a t  5102-17, 
SRI International 
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The mother board provides  s i g n a l  connec t ions  between boards 
and connec tor  c a b l e s .  It c o n t a i n s  no i n t e g r a t e d  c i r c u i t s .  Two f u s e s  
f o r  t h e  EUI power are t h e  on ly  components b e s i d e s  connec tors  on t h e  
b ~ a r d .  
3.4.2.6 Pneumatic System 
3.4.2.6.1 Desc r ip t i on  
The Pneumatic system i n s i d e  t h e  DCU c o n s i s t s  o f  a  motor and pump, 
check va lve ,  so l eno id  va lve ,  p r e s su re  t r ansduce r  ( r e f e r e n c e ) ,  and 
a s s o r t e d  tub ing .  The s u b j e c t  ha rnes s  c o n t a i n s  ano the r  p re s su re  
t r ansduce r  (pr imary)  and an  a u x i l i a r y  so l eno id  va lve  which is d r iven  
by c i r c u i t r y  w i t h i n  t h e  DCU. 
The primary t r a n s d u c e r  should be c a l i b r a t e d  each time t h e  PMS 
is turned on o r  a d i f f e r e n t  s u b j e c t  ha rnes s  is connected. The 
r e f e r e n c e  t r a n s d u c e r  is used 3. t h i s  c a l i b r a t i o n  ( s e e  s e c t i o n  
4.1.2.2.5). It a l s o  is used a s  a backup f o r  s a f e t y  r ea sons ,  caus ing  
an  ove rp re s su re  s h u t o f f  i f  t h e  primary t r ansduce r  should f a i l .  
The a u x i l i a r y  va lve  c o n t r o l s  t h e  flow o f  a i r  i n  t h e  system t o  
a  manually c o n t r o l l e d  va lve  i n  t h e  harness .  If t h e  cont inuous bleed 
mode is chosen, t h e  u s e r  t hen  may c o n t r o l  t h e  bleed r a t e  wi th  t h e  
manual va lve .  The PMS c i r c u i t r y  causes  t h e  i n t e r n a l  so lenoid  va lve  t o  
c l o s e  and t h e  e x t e r n a l  so lenoid  va lve  t o  open. In  t h e  d e f a u l t  
au tomat ic  mode, t h e  bleed rate is c o n t r o l l e d  by t h e  d a t a  processor  
caus ing  t h e  i n t e r n a l  va lve  t o  open and c l o s e  a t  a p p r o p r i a t e  t imes ;  
t h e  ~ x t e r n a l  ~ a l v e  is set  t o  its normal c lo sed  ~ o s i t l o n .  
When g iven  t h e  " i n f l a t e  c u f f w  command, t h e  normally open so lenoid  
va lve  c l o s e s ,  t h e  pump t u r n s  on and i n f l a t e s  t h e  c u f f  t o  a  
predetermined va lue .  In  au tomat ic  mode t h e  so l eno id  va lve  then  c y c l e s  
t o  d e f l a t e  t h e  c u f f  i n  c o n t r o l l e d  increments .  In  cont inuous  mode t h e  
d e f l a t i o n  is comple te ly  c o n t r o l l e d  by t h e  u s e r .  When c u f f  p r e s su re  
g e t s  t o  a  predetermined minimum va lue  t h e  so l eno id  va lve  remains open, 
thereby  dumping t h e  remaining c u f f  p r e s su re .  
3.4.2.6.2 Leak De tec t ion  I 
If s i g n i f i c a n t  s i z e  l e a k s  occur ,  they  may prevent  t h e  PMS from 
o p e r a t i n g  s a t i s f a c t o r i l y .  Small l e a k s  should n o t  p revent  s a t i s f a c t o r y  
o p e r a t i o n  because t h e  processor  monitors  t h e  r a t e  o f  d e f l a t i o n  and can 
s e l e c t  a  d i f f e r e n t  c y c l i n g  r a t e .  f o r  t h e  so l eno id  va lve  t o  compensate. 
If a  l e a k  is  suspec ted  t h e r e  a r e  a few easy  ways t o  make t e s t s  t o  
determine t h e  cause:  
1.  Ensure t h e  ha rnes s  manual bleed va lve  is c lo sed  and use t h e  
RCDU t o  s e l e c t  ncont inuous b leedw.  Use t h e  RCDU t o  cause  a  cuf f  
i n f l a t i o n  and monitor  c u f f  p r e s su re  on t h e  RCDU. If it is hold ing  
c o n s t a n t ,  t h e r e  is no l e a k  i n  t h e  pneumatics. A l e a k  r a t e  i n  excess  
of 2 mm/sec. is unacceptab le .  
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t h e  quick d isconnec t .  If t h e  l e a k  con t inues ,  i t  is i n  t h e  PMS. If i t  
s t o p s ,  it is i n  t h e  s u b j e c t  harness .  
3. If t h e  l e a k  h a s  been determined t o  be i n  t h e  PMS, d e f l a t e  t h e  
c u f f .  There is  a p o s s i b i l i t y  t h e  check va lve  is l eak ing .  This can be 
checked by r o t a t i n g  t h e  PMS package t o  ano the r  a x i s  o f  ope ra t i on  ( t u r n  
i t  upside down, f o r  example). It may be necessary  t o  do t h i s  s e v e r a l  
times t o  g e t  t h e  check va lve  t o  s e a t  p roper ly .  If t h e  l e a k  goes away, 
t h e  check va lve  h a s  p rope r ly  s ea t ed .  
If t h e  l e a k  is s t i l l  p r e s e n t ,  t h e  u n i t  must be r e f e r r e d  t o  a 
q u a l i f i e d  t e c h n i c i a n  f o r  r e p a i r .  There is no o t h e r  test t h a t  t h e  
u s e r  can perform. 
3.4.3 Bat t e ry  
3.4.3.1 Desc r ip t i on  
The b a t t e r y  pack c o n t a i n s  140 i n d i v i d u a l  Gould HP630 z inc -a i r  
b a t t e r y  c e l l s .  They a r e  s tacked  7 cells p e r  s t a c k  i n  20 s t a c k s ,  1 1  
s t a c k s  p a r a l l e l e d  f o r  V+ and 9 s t a c k s  p a r a l l e l e d  f0r.V-.  It is 
impor tan t  t h a t  t h e  procedure descr ibed  below be followed t o  ensure  
proper  ope ra t i on  o f  t h e  b a t t e r y  pack a f t e r  re furb ishment .  If  t h e  
c e l l s  a r e  n o t  p rope r ly  c leaned ,  t h e  pack w i l l  n o t  p rovide  s u f f i c i e n t  
power over  its s p e c i f i e d  l i f e t i m e  o f  60 i n f l a t i o n s  and 30 hours  o f  
ope ra t i on .  
See s e c t i o n  3.1.2.1.4 f o r  more d e t a i l s  on t h e  b a t t e r y  pack. 
3.4.3.2 Refurbishment Procedure 
1. Untie  t h e  draw s t r i n g  and remove t h e  b a t t e r y  pack from t h e  
pouch. 
2. Remove one o f  t h e  end p l a t e s  t h a t  h a s  a i r  h o l e s  by removing 
t h e  screws,  and remove t h e  l a r g e  p r i n t e d  c i r c u i t  board (PCB). Care 
should be taken  t o  prevent  compressing o r  o the rwi se  damaging t h e  
bel lows on t h e  end p l a t e  PCB. 
3. Dump a l l  of t h e  b a t t e r i e s  o u t  o f  t h e  s t a c k s .  Do n o t  
a l l ow  t h e  ce l ls  t o  s h o r t  o u t  t o  one another .  I n s p e c t  t h e  c e l l s  
f o r  any s i g n s  o f  leakage.  It is  advised  t o  p l a c e  t h e  ce l ls  on 2" 
wide t a p e  f o r  d i s p o s a l .  Discard i n  accordance wi th  r e g u l a t i o n s .  
4. In spec t  t h e  b a t t e r y  pack f o r  any s i g n s  o f  leakage.  I f  any 
c e l l s  have l eaked ,  remove a l l  t h e  b a t t e r i e s  from t h e  o t h e r  h a l f  o f  t h e  
: b a t t e r y  pack and c l e a n  t h e  b a t t e r y  pack and a l l  PCB's thoroughly with 1 e t i y l  a l coho l .  Allow t o  d r y  before  i n s t a l l i n g  t h e  new b a t t e r i e s .  
5. Repeat s t e p s  2 through 4 f o r  t h e  o t h e r  h a l f  o f  t h e  b a t t e r y  
pack. 
I 
I 6. If t h e  b a t t e r i e s  d i d  no t  l e a k ,  c l e a n  a l l  PCB's and a l low them 
1 
t o  d ry .  
I 
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7. In spec t  t h e  c e l l s  on t h e  b a t t e r y  c a r r i e r  s t r i p  as suppl ied  
from t h e  manufacturer .  Discard any l e a k i n g  c e l l s  as w e l l  a s  those  
c e l l s  immediately next  t o  t h e  ones l eak ing .  
8. The b a t t e r i e s  must be cleaned i n  t h e  fo l lowing  f a sh ion .  The 
necessary  t o o l s  a r e  T e r i  brand "teri  wipersn  o r  equ iva l en t  and a  
b a t t e r y  c e l l  h o l d e r ,  This c e l l  ho lde r  can be made from an  empty spool  
from s o l d e r  wick t h a t  h a s  been c u t  down t h e  c e n t e r .  The c e l l  can be 
placed i n  t h e  c e n t e r  o f  it whi le  c lean ing .  NO CLEANING SOLVENTS MAY 
BE USED ON THE BATTERIES. Cleaning s o l v e n t s  w i l l  d e s t r o y  t h e  c e l l s .  
Only b u f f i n g  o f  t h e  c e l l s  must be employed t o  renove t h e  ox ide  l a y e r  
and r e s i d u a l  adhes ive  from t h e  b a t t e r y  carrier, It i s  impera t ive  t h a t  
t h e s e  be completely removed t o  g e t  t h e  c o n t a c t  r e s i s t a n c e  t o  a low 
enough va lue  f o r  t h e  b a t t e r i e s  t o  o p e r a t e  c o r r e c t l y ,  
a. In spec t  t h e  ce l l  f o r  leakage around t h e  3 a i r  ho le s  on 
t h e  n+n s i d e .  
k. Place  t h e  folded t e r i  wiper on a  f l a t  s u r f a c e ,  i n s t a l l  t h e  
b a t t e r y  i n t o  t h e  ho lde r  n-n s i d e  i n ,  and buff  t h e  n+n s i d e  on t h e  
w i ? e ~ .  Being c a r e f u l  n o t  t o  touch t h e  n+n f a c e ,  remove t h e  cel l ,  
r e i n s t a l l  "-11 s i d e  o u t ,  and buff  t h e  n-n s i d e .  
c .  Again be ing  c a r e f u l  n o t  t o  touch t h e  cleaned s u r f a c e s ,  p l ace  
t h e  c e l l  i n t o  t h e  b a t t e r y  pack, "+" s i d e  ou t .  
d o  Repeat f o r  t h e  e n t i r e  s t ack .  
9. Measure t h e  cel l  s t a c k  vol tage .  It must be >10.2 VDC. The 
p o l a r i t y  w i l l  d e p e ~ d  upon which s t a c k  is be ing  measured, Refer t o  
drawing PMSF-DC-3000-SC f o r  l o c a t i o n  on p o l a r i t y  of t e s t  probes.  
10. Reassemble PCS, end p l a t e  and screws. Note keying 
p i n s  i n  b a t t e r y  pack, PCB, and end p l a t e .  
11. Repeat s t e p s  8-10 f o r  o t h e r  s i d e  o f  b a t t e r y  pack. 
12. Tes t  b a t t e r y  pack f o r  proper  o p e r a t i o n  us ing  an  a p p r o p r i a t e  
!-.- + e 
,a*-ery test  box. 
13. Place b a t t e r y  pack i n  pouch and f eed  t h e  connector  through 
t h e  loop on t h e  s i d e  o f  t h e  pouch. Retie t h e  draw s t r i n g .  
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3.4.4 RCDU 
3.4.4.1 General  Descr ip t ion  
The Remote Control /Display Unit  (RCDU) is t h e  primary 
i n t e r f a c e  f o r  t h e  u s e r  of t h e  PMS. It can be thought  of  a s  a 
de t achab le  t e r m i n a l  connected t o  t h e  DCU by means o f  an asynchronous 
s e r i a l  l i n e .  
The keyboard c o n s i s t s  o f  f i v e  momentary c o n t a c t  switches.  
Some o f  t h e s e  may be opera ted  a s  nhold-downn keys t h a t  perform a 
cont inuous  f u n c t i o n  as long as they  are depressed ;  o t h e r s  perform a  
s i n g l e  f u n c t i o n  r e g a r d l e s s  o f  how long  t h e  key is  depressed.  The RCDU 
so f tware  debounces each keyswitch pos i t i on .  
The RCDU a l s o  i n c l u d e s  an  LCD alphanumeric d i s p l a y  c o n s i s t i n g  
o f  two l i n e s  of 16 c h a r a c t e r s  each. Each c h a r a c t e r  is formed from a  5 
x  7 d o t  m a t r i x  wi th  c u r s o r  c a p a b i l i t y .  
A s  mentioned p rev ious ly ,  t h e  RCDU communicates with t h e  DCU 
v i a  an asynchronous serial  l i n e .  Thus, t h e  RCDU provides  t h e  func t ion  
o f  a  fu l l -dup lex  Universal  Asynchronous Receiver-Transmit ter  (UART). 
The UART performs a t  1200 baud. It t r a n s f e r s  e i g h t  d a t a  b i t s  with two 
s t o p  b i t s  and no p a r i t y .  There is no requirement  f o r  modem c o n t r o l  
s i g n a l s  i n  t h e  s e r i a l  i n t e r f a c e .  
3,4.4.2 RCDU Data I n t e r f a c e  wi th  t h e  DCU 
3.4.4.2.1 Keyboard Encoding 
Depression o f  any ot' f o u r  Keys r e s u l t s  in t h e  t r a n s s i s a i o n  o f  
an  ASCII code s e l e c t e d  from a  t a b l e .  The t a b l e  c o n t a i n s  t h e  fo l lowing  
keyswitch assignments:  
- MODE key = ASCII ' A t  
- EXEC key = ASCII ' B t  
- DEC key = A S C I I  ' C 1  
- LNC key = ASCII VD' 
A V I E W  key a l s o  is inc luded  on t h e  RCDU. This  key c o n t r o l s  
t h e  viewing a n g l e  o f  t h e  d i sp l ay .  It is used i n t e r n a l l y  t o  t h e  RCDU, 
and no code is t r ansmi t t ed  t o  t h e  DCU. 
C e r t a i n  keys are "au to- repea t ingn  keys ;  t h a t  is ,  i f  he ld  down 
f o r  a  c e r t a i n  per iod  o f  time, they r e p e a t e d l y  t r ansmi t  t h e  
cor responding  keycode approximately 5 times p e r  second. This  
c a p a b i l i t y  is a r b i t r a r i l y  a s s i g n a b l e  on a  per-key b a s i s  a t  
assembly time. I n i t i a l l y  on ly  t h e  " I N C n  and "DECn keys a r e  
au to- repea t ing .  
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3.4.4.2.2 Display Encoding 
There a r e  bas ica l ly  th ree  c a p a b i l i t i e s  required of the  RCDU 
d i sp lay  : 
- a r b i t r a r y  t e x t  a s  t ransmit ted  by the  DCU; 
- d i sp lay  formatt ing commands; 
- "canned messagesn contained i n  t h e  RCDU memory t h a t  a r e  
displayed upon transmission of an abbreviat ion.  
Except f o r  t h e  t h i r d  requirement, these  c a p a b i l i t i e s  a r e  found i n  
common cathode-ray tube terminals .  The RCDU the re fo re  emulates a 
subset  of  t h e  funct ions  of  a popular te rminal ,  t he  Zenith 2-19. This 
permits  the  debugging of  o the r  PMS software using an RS-232 terminal.  
Moreover, t h i s  permits t h e  RCDU t o  be used f o r  o the r  terminal  
a p p l i c a t i o n s  t h a t  might prove useful .  
P r in tab le  cha rac te r s  a r e  displayed a t  the  cu r ren t  
cursor  loca t ion ,  and t h e  cu r so r  pos i t ion  is  moved 
one pos i t ion  t o  the  r i g h t .  The printable charac te r s  
include the  graphic subse t  of ASCII (codes 20 (hex) 
through 7E (hex))  a s  well  a s  t h e  extended charac te r  
s e t  provided by t h e  LCD display .  These extensions 
include a l e f t  arrow, code 7F (hex);  underlined a lphabe t i c  
cha rac te r s  i n  the  range 80 (hex) through 9F (hex);  
Japanese Kata-Kana charac te r s  i n  the  code range A0 (hex) 
through DF (hex);  and o the r  underlined charac te r s  i n  the  
range EO (hex) through FF (hex).  Thus the  RCDU p r i n t a b l e  
cha rac te r  s e t  spans the  range from 20 (hex) through FF (hex) .  
End-of-line wraparound is NOT implementid Ln t he  
RCDU d i sp lay  algorithm. Thus, when the  cursor  reaches 
t h e  rightmost column, subsequently received charac te r s  
w i l l  overwrite  whatever is i n  t h a t  pos i t ion .  An e x p l i c i t  
cursor-posi t ioning command (such a s  c a r r i a g e  r e t u r n )  
would be required t o  move the  cursor  from t h a t  pos i t ion ,  
The following 2-19 d i sp lay  formatt ing commands 
a r e  implemented : 
- <Return> causes the  cursor  t o  move 
t o  the  l e f t  margin of the  cu r ren t  row. 
- < l i n e  feed> causes the  cursor  t o  move 
down one row, remaining i n  t h e  cu r ren t  
column; i f  the  cursor  is i n  t h e  bottom 
row, a s c r o l l  occurs,  and the  cursor  
pos i t ion  is not  changed. 
- <backspace> causes the  cursor  t o  move 
one pos i t ion  t o  the  l e f t ;  i f  t he  cursor  
is  a t  t h e  l e f t  margin, the  command is 
ignored. 
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- <escape> <E> e r a s e s  t h e  e n t i r e  d i s p l a y  
and homes t h e  cursor .  
- <escape> <H> homes t h e  c u r s o r ,  l e av ing  
t h e  t e x t  unchanged. 
- <escape> <K> w i l l  e r a s e  (b lank)  t h e  c u r r e n t  
row from t h e  cu r so r  p o s i t i o n  t o  t h e  
r i g h t  margin,  l e av ing  t h e  c u r s o r  p o s i t i o n  
unchanged. 
- <escape> <Y> <rcw# + 31> <column# + 31> 
p o s i t i o n s  t h e  cu r so r  t o  t h e  a b s o l u t e  
row and column g iven  i n  t h e  t h i r d  and 
f o u r t h  by tes .  If t h e  row number o r  
column number is o u t  o f  range ,  no change 
occurs .  
- <escape> <x> <4> 
S e l e c t s  5x7 b l ink ing  c u r s o r  fon t .  ( d e f a u l t )  
- <escape> <y> <a> 
S e l e c t s  unde r l i ne  c u r s o r  f o n t ,  
- <escape> <x> <5> 
Disables  c u r s o r  d i s p l a y .  
- <escape> <y> <5> 
Enables c u r s o r  d i s p l a y .  ( d e f a u l t )  
- <escape> <1> < c o n t r a s t  + 31> 
S e t s  t h e  LCD d i s p l a y  c o n t r a s t  t o  one of 
f o u r  s e t t i n g s  ( c o n t r a s t  = 0, 1 ,  2, 31, 
This  command has  no corresponding func t ion  
i n  t h e  Zeni th  2-1 9 command set ;  t h e  2,-19 
does  n o t  u se  t h e  escape  sequence lead- in  
"escape, In .  
- <escape> <2> 
Turns e n t i r e  Ofsplay OFF. This  command, 
t o g e t h e r  w i th  t h e  fo l lowing  command, 
permi ts  t h e  e n t i r e  d i s p l a y  t o  be f l a shed  on 
and o f f  i n  a b l i n k i n g  manner; t h i s  c a p a b i l i t y  
can be used f o r  a t t e n t i o n - g e t t i n g  purposes,  
Note t h a t  t h i s  f u n c t i o n  is NOT t h e  same as  
"escape, E n ,  which c l e a r s  t h e  s c r een  b u t  
does no t  remember t h e  prev ious  c o n t e n t s .  
This  f u n c t i o n  Pias no corresponding ve r s ion  
i n  t h e  Zeni th  2-19; t h e  lead- in  "escape, 2" 
is unused i n  t h e  2-1 9. 
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- <escape>  <3> 
Turns t h e  e n t i r e  d i s p l a y  ON ( d e f a u l t ) .  
See t h e  d e s c r i p t i o n  o f  t h e  command above. 
- <escape>  <4> 
S e l e c t s  a b l i n k i n g  c u r s o r  ( d e f a u l t ) .  
Th i s  e s c a p e  sequence is  unused on t h e  
2-19; t h e  2-19 c u r s o r  a lways b l i n k s .  
- <escape>  <5> 
S e l e c t s  a  c o n t i n u o u s  (non-b l ink ing)  
c u r s o r .  T h i s  e s c a p e  sequence is unused 
on t h e  Z-19 and t h e r e  is  no cor responding  
f u n c t i o n .  
An e x t e n s i b l e  set o f  "canned messagesn is 
prov ided .  The e s c a p e  sequence 
<escape>  <0> <index  + 31> is used t o  s e l e c t  t h e  canned 
a e s s a d e .  lhe l e a d - i n  "escape,  On is  unused by t h e  2-79. 
The i n d e x  s e l e c t s  a canned message from a t a b l e ;  each 
e n t r y  i n  t h e  canned message t a b l e  i n c l u d e s  t h e  
l i t e r a l  t e x t  s t r i n g  and t h e  row and c o l u m  c o o r d i n a t e s  
o f  t h e  l e f t m o s t  c h a r a c t e r  i n  t h e  s t r i n g .  
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j 3. u .  5 Firmware 
The firmware i n  t h e  PMS c o n s i s t s  o f  4 PROM's, 2 i n  t h e  Control  
Trocessor  and 2 i n  t h e  Data Processor .  The first Control  Processor  
F3OM c o n t a i n s  t h e  d a t a  c o n t r o l  r o u t i n e s ,  and t h e  second PROM c o n t a i n s  
t h e  experiment parameters .  Only t h i s  second PROM need be changed when 
an experiment is changed o r  added. The two Data Processor  PROM's 
c o n t a i n  code f o r  a c q u i r i n g  h e a r t  rate and blood p r e s s u r e  d a t a ,  
c o n t r o l l i n g  t h e  blood p r e s s u r e  c u f f ,  and computing blood pressure .  The 
a lgo r i t hms  used i n  t h e  blood p r e s s u r e  computation are p r o p r i e t a r y  t o  
SRI I n t e r n a t i o n a l .  
The source  code f o r  t h e  PROM's was w r i t t e n  t o  be assembled by 
t h e  NSC800 assembler  on t h e  Tektronix 8560 Microprocessor Development 
System. 
3.5 Q u a l i f i c a t i o n  and Tes t ing  
Q u a l i f i c a t i o n  and acceptance  t e s t i n g  o f  t h e  PMS was done 
accord ing  t o  t h e  fo l l owing  p l a n s  and procedures:  
PMSF-20-0000-TP, Q u a l i f i c a t i o n  and Acceptance Tes t  Plan f o r  
t h e  Phys io log ica l  Monitoring System 
PMSF-20-0000-AP, F i n a l  Acceptance Tes t  Procedure f o r  t h e  
Phys io log ica l  Monitoring System 
PMSF-20-0000-CP, C e r t i f i c a t i o n  Procedure f o r  t h e  Phys io log ica l  
Monitoring System 
The F'unctlonal Tes t  Procedure def ined  i n  PMSF-20-0000-AP 
should be performed before  use  whenever a PMS u n i t  has  n o t  Seen used 
wi th in  t h e  prev ious  month. Po r t i ons  o f  t h e  Opera t iona l  V e r i f i c a t i o n  
Tes t  Procedure de f ined  i n  PMSF-20-0000-AP should be performed as 
necessary  t o  diagnose problems o r  t o  v e r i f y  o p e r a t i o n a l  performance. 
3.6 Standard Sample 
No s t anda rd  samples a r e  used. 
4.0 Q u a l i t y  Assurance P rov i s ions  
See PMSF-20-0000-QP, Q u a l i t y  and R e l i a b i l i t y  Plan f o r  t h e  
Phys io log ica l  Monitoring System (PMS). 
5.0 P repa ra t i on  f o r  Del ivery  
See End Item S p e c i f i c a t i o n .  
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5 .3  Notes 
6 .1  General Opera t ions  
The o p e r a t i o n  o f  each o f  t h e  major components h a s  been 
b a s i c a l l y  descr ibed  i n  each o f  t h e  r e l e v a n t  s e c t i o n s .  General 
i n s t r u c t i c n s  f o r  running  an  experiment a r e  d e t a i l e d  i n  s e c t i o n  
3.1.2.4, User I n t e r f a c e .  
6.2 General Pa in tenance  
Any maintenance t h a t  needs t o  be done on any o f  t h e  major 
components of t h e  PMS has  been mentioned i n  t h e  r e l e v a n t  s e c t i o n s .  
The only  g e n e r a l  maintenance t h a t  might be done by t h e  u s e r  i nc ludes  
r e f u r b i s h i n g  b a t t e r y  packs,  changing f u s e s ,  and perhaps r ep l ac ing  
boards . 
6.2.1 Refurbishing Ba t t e ry  Packs 
This is d i scus sed  i n  s e c t i o n  3.4.3.2. 
6.2.2 Changing !?uses 
6.2.2.1 EUI Power Supply Fuses 
The power supply  t o  t h e  EUI is fused on t h e  motherboard by F9 
(V- supply  f u s e )  and F2 ( V +  supply f u s e ) .  To r e p l a c e  t h e s e  f u s e s ,  t h e  
motherboard must be removed. The fo l lowing  s t e p s  d e s c r i b e  t h e  
p roces s  : 
1.  Renove t h e  t o p  h a l f  ~f t h  c l a u s h e l l  and unscreb tr.e screrr 
v i s i S l e  i n  t h e  b a t t e r y  compartment and t h e  v i s i b l e  screws f o r  t h e  
removable c h a s s i s  s i d e .  R e i n s t a l l  t h e  c lamshel l .  
2. Remove t h e  14 screws f o r  t h e  bottom h a l f  o f  t h e  c lamshel l  
assembly and remove t h e  assembly. Unscrew t h e  screw loca t ed  i n  t h e  
middle of t h e  ana log  board and t h e  remaining removable c h a s s i s  s i d e  
screws. 
3. Remove t h e  c h a s s i s  s i d e  p l a t e .  It may be necessary  t o  
move t h e  t o p  h a l f  o f  t h e  c l amshe l l  away from t h e  c h a s s i s .  If s o ,  
r e i n s t a l l  t h e  c l amshe l l  upon completion. 
4. Remove t h e  ana log  and processor  boards.  Remove t h e  screws 
hold ing  down t h e  power supply board and se t  t h e  board a s i d e ,  being 
c a r e f u l  t o  no t  l o s e  any h e a t  s i n k  p ieces .  
I 
i 5. C a r e f u l l y  d i s connec t  a l l  c a b l e s  from t h e  motherboard and 
l a y  them o u t  o f  t h e  way. 
t 6. Remove t h e  5 motherboard mounting screws and t h e  
I nctherboard.  
1 7 .  Remove and r e p l a c e  F1 and F2 and i n s p e c t  f o r  workmanship. 
I i-iave a Government Q A R  v i s u a l l y  i n s p e c t .  
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i - A i t i o n a l  s t e p s :  
a .  Ensure t h e  screw i n s u l a t o r  is i n s t a l l e d  i n  t h e  c e n t e r  
T -un t ing  ho le  o f  t h e  motherboard. 
b. Ensure t h e  h e a t  s i n k  i n s u l a t o r s  a r e  p rope r ly  i n s t a l l e d  on 
t h e  power supply board. 
9. Perform r e s i s t a n c e  checks between p i n s  35 and 34, and 33 
and  34 on t h e  EUI connec tor  t o  v e r i f y  t h a t  V- and V+, r e s p e c t i v e l y ,  
a r e  now being supp l i ed  t o  t h e  connector .  
10. Perform t h e  f u n c t i o n a l  tes t  procedure p o r t i o n  o f  t h e  
aeceptance  t e s t  procedure.  
11. Perform t h e  EUI load test  ( a t  1/2 w) p o r t i o n  o f  t h e  
c e r t i f i c a t i o n  test. Do n o t  power t h e  system from a b a t t e r y  pack a s  
r e q u i r e d ,  r a t h e r  a d j u s t  a d u a l  power supply f o r  approximately +/-8.5 v 
and power t h e  PMS through t h e  b a t t e r y  connector .  This  w i l l  ensure  
t h a t  t h e  f u s e  is p rope r ly  i n s t a l l e d  and t h a t  t h e  system w i l l  ope ra t e  
s a t i s f a c t o r i l y .  
6.2.2.2 Ex te rna l  Power Supply Fuses 
There a r e  two f u s e s  on t h e  power supply board. The board does 
no t  need t o  be removed t o  r e p l a c e  t h e s e  f u s e s e  To a c c e s s  t h e  board, 
fo l low t h e  same procedure descr ibed  i n  t h e  preceding  s e c t i o n  f o r  t h e  
mother board f u s e s  up t o  t h e  p o i n t  of removing t h e  power supply board 
screws. In s t ead  o f  removing t h e  screws, t h e  fo l lowing  s t e p s  should be 
added : 
1. Measure t h e  r e s i s t a n c e  of t h e  f u s e  t o  v e r i f y  t h a t  it is 
b a d .  I f  bad, t h e  r e s i s t a n c e  w i l l  be i n f i n i t e .  
2. Cut t h e  o l d  fu se  o u t  and remove t h e  fu se  l e a d s  from t h e  
t e rmina l  p o s t s  wi th  a s o l d e r i n g  i r o n .  This s t e p  and t h e  subs iquent  
s t e p s  should be performed by a q u a l i f i e d  s o l d e r e r .  
3. Solder  i n  t h e  new fuse .  
4.  Clean and i n s p e c t  t h e  s o l d e r  j o i n t .  
5. Reassemble i n  r e v e r s e  o rde r .  
6.2.3 Replacing Boards 
A complete se t  o f  s p a r e  boards is supp l i ed  wi th  t h e  PMS u n i t s .  
The only  boards t h a t  should be rep laced  by t h e  u s e r  a r e  t h e  Processor  
9oard (PMSF-DC-?ROO) and t h e  Analog Board (PMSF-DC-ANOO). The o t h e r  i boards a r e  r e l a t i v e l y  i n a c c e s s i b l e  and probably should be rep laced  by 
f q s a l i f i e d  personnel  a t  SRI. However, t h e  procedure f o r  removing and 
1 r e p l a c i n g  t h e  motherboard was descr ibed  i n  s e c t i o n  6.2.2 above. To 
; remove and r e p l a c e  t h e  power supply board, do t h e  procedure through 
s t a p  4 ,  d i s connec t ing  t h e  connec tor  on t h e  power supply  board t o  i 
rsaove i t  a l t o g e t h e r ,  then  r e p l a c e  t h e  board by fo l lowing  t h e  s t e p s  i n  
t.--.e r e v e r s e  o r d e r ,  a s  descr ibed  f u r t h e r  on i n  t h e  procedure.  ; =-?N 350 i  5/83 
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6.3 General Handling 
0.3.1 Connectors 
The PMS should no t  be shipped o r  s t o r e d  wi th  any o f  t h e  
connec tors  mated. A l l  connec tors  on t h e  DCU should be capped when no t  
i n  use.  Connectors should n o t  be mated o r  demated whi le  power is 
a p p l i e d  t o  t h e  DCU. 
6.3.2 B a t t e r y  Pack Handling and Usage 
The b a t t e r y  packs always should be s t o r e d  s e p a r a t e l y  from t h e  
PMS. They should be s t o r e d  i n  a i r t i g h t  con ta ine r s .  
An o p e r a t i n g  time l o g  should be maintained f o r  every b a t t e r y  
pack. When t h e  b a t t e r y  is i n  use ,  it is impor tan t  t o  make s u r e  t h a t  
a i r  can f r e e l y  flow through t h e  a i r  h o l e s  on t h e  connector  end p l a t e  
o f  t h e  DCU. 
6.3.3 Changing PROM's 
From time t o  time i t  may be necessary  t o  change one of  more o f  
t h e  PROM's on t h e  Processor  Board of t h e  DCU. Figure 6.3.3-1 shows 
t h e  r e l a t i v e  l o c a t i o n  o f  each o f  t h e  f o u r  PROM's on t h e  board. Each 
PROM should have a l a b e l  on t op  of it i d e n t i f y i n g  which PROM it is. 
BPI and DP2 are t h e  low and h igh  o r d e r  a d d r e s s  Data Processor  PROM's, 
r e s p e c t i v e l y .  CP7 and CP2 are t h e  low and h igh  o r d e r  add re s s  Control  
Processor  PROM's, r e s p e c t i v e l y  (CP2 is t h e  Parameter PROM). 
F igure  6.3.3-1 PROM Locat ion on t h e  Processor  Board 
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To change a PROM, first make s u r e  no power is appl ied  t o  t h e  
PMS. Remove t h e  card cover  assembly by removing t h e  screws t h a t  
a t t a c h  it t o  t h e  chas s i s .  A t  a l l  times implement s tandard  procedures 
f o r  handl ing d e l i c a t e  CMOS c i r c u i t r y .  
Using a  t o o l  t h a t  w i l l  n o t  damage t h e  s u r f a c e  of  the  board 
u n d e r  t h e  PROM, c a r e f u l l y  remove t h e  o l d  PROM. Check a l l  t h e  p i n s  of 
t h e  removed PROM t o  a s c e r t a i n  t h a t  no i n s e r t  has  come o u t  of t h e  
socket  and adhered t o  any pin. I n s e r t  t h e  new PROM, making s u r e  t h a t  
P in  1 is  i n  t h 5  c o r r e c t  o r i e n t a t i o n .  Be ve ry  c a r e f u l  n o t  t o  f l e x  t h e  
board when pushing i n  t h e  PROM. 
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